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ABSTRACT




R e s e a rc h  on an improved method f o r  t h e  d e t e c t i o n  o f  N- 
n i t r o s a m i n e s  was i n i t i a t e d  b e c a u s e  o f  t h e  i n c r e a s e d  c o n c e r n  a b o u t  
t h e  o c c u r r e n c e  o f  t h e s e  c a r c i n o g e n i c  compounds i n  f o o d s .  The p r o c e d ­
u r e  t h a t  was d e v e lo p e d  i s  a p p l i c a b l e  t o  t h e  i d e n t i f i c a t i o n  and q u a n t i ­
t a t i o n  o f  s e v en  v o l a t i l e  N - n i t r o s a m i n e s  a t  a s e n s i t i v i t y  o f  a p p r o x ­
i m a t e l y  10 ppb.  The method i s  ba s ed  on t h e  d e n i t r o s a t i o n  o f  t h e  
n i t r o s a m i n e  t o  y i e l d  t h e  p a r e n t  s e c o n d a r y  a m in e .  The amine i s  r e ­
a c t e d  w i t h  a f l u o r o g e n i c  r e a g e n t  p r o d u c i n g  a h i g h l y  f l u o r e s c e n t  
d e r i v a t i v e .
The d e n i t r o s a t i o n  o f  t h e  n i t r o s a m i n e s  was i n i t i a l l y  a t t e m p t e d  
by i r r a d i a t i n g  a c i d i f i e d  a que ous  s a m p le s  w i t h  s h o r t - w a v e  UV l i g h t .
The compounds underw en t  p h o t o d e c o m p o s i t i o n  a s  was d e t e r m i n e d  by t h e  
r e l e a s e  o f  t h e  n i t r o s o - g r o u p  which was d e t e c t e d  a s  a h i g h l y  c o l o r e d  
d i a z o  compound and q u a n t i t a t e d  c o l o r i m e t r i c a l l y . However ,  on a n a l y ­
z i n g  t h e  i r r a d i a t e d  sa m p le s  o f  d i m e t h y l - ,  d i e t h y l - ,  d i p r o p y l - ,  and 
d i b u t y l - n i t r o s a m i n e s  q u a n t i t i e s  o f  amine p r o d u c t s  c o u ld  n o t  be 
d e t e c t e d .
D e n i t r o s a t i o n  was a c h i e v e d  by u s i n g  a m o d i f i c a t i o n  o f  t h e  
a c i d  d e n i t r o s a t i o n  t e c h n i q u e ,  f i r s t  r e p o r t e d  by E i s e n b r a n d ,  i n  which
v i i i
t h e  n i t r o s o - g r o u p  i s  removed from t h e  n i t r o s a m i n e  in  a medium o f  
g l a c i a l  a c e t i c  a c i d  and hyd ro b ro m ic  a c i d  y i e l d i n g  t h e  s e c o n d a r y  amine 
e n t i t y .  I n  t h e  m o d i f i e d  p r o c e d u r e  t h e  n i t r o s a m i n e s  were d e n i t r o s a t e d  
i n  a medium o f  a n h y d ro u s  m e th y le n e  c h l o r i d e  c o n t a i n i n g  3% h y d rob rom ic  
a c i d  a t  room t e m p e r a t u r e .  The r e a c t i o n  was t e r m i n a t e d  by t h e  a d d i ­
t i o n  o f  a q u e o u s  a c i d  and t h e  m i x t u r e  was t a k e n  t o  d r y n e s s .  The r e s i ­
due c o n t a i n i n g  t h e  amine s a l t s  was d i s s o l v e d  and r e a c t e d  w i t h  NBD- 
C l ,  7 - c h l o r o - 4 - n i t r o b e n z o - 2 - o x a - l , 3 - d i a z o l .  The r e s u l t i n g  d e r i v a t i v e s  
a r e  h i g h l y  f l u o r e s c e n t  compounds.  A l i q u o t s  o f  t h e  sample  c o n t a i n i n g  
t h e  f l u o r e s c e n t  d e r i v a t i v e s  were p l a c e d  on a s i l i c a  g e l  t h i n - l a y e r  
c h r o m a to g r a p h y  p l a t e  and s e p a r a t e d  by a s c e n d i n g  c h ro m a to g r a p h y .  
O u a n t i t a t i o n  was a c h i e v e d  by d i r e c t  s c a n n i n g  w i t h  a f l u o r o m e t e r .
The peak  h e i g h t s  o f  t h e  unknowns were compared t o  s t a n d a r d s  d e v e lo p e d  
on t h e  same p l a t e .  The s e n s i t i v i t y  a l l o w e d  d e t e c t i o n  o f  1-2 ng o f  
d i m e th y l a m i n e  which i s  e q u i v a l e n t  t o  a p p r o x i m a t e l y  5 ppb o f  d i m e t h y l -  
n i t r o s a m i n e .
T h i s  method was a p p l i e d  i n  a s u r v e y  o f  s e a f o o d s  w i t h  e m pha s i s  
on s h e l l f i s h  s p e c i e s .  The e x t r a c t i o n  p r o c e d u r e  c o n s i s t e d  o f  homogen­
i z i n g  t h e  sam ple  f o l l o w e d  by s t e a m  d i s t i l l a t i o n .  The d i s t i l l a t e  was 
p a r t i t i o n e d  a g a i n s t  a queous  a c i d  t o  remove amine c o n t a m i n a n t s .  The 
s am p le  was c o n c e n t r a t e d  a n d ,  f o r  a d d i t i o n a l  p u r i f i c a t i o n ,  was a p p l i e d  
t o  an a lu m in a  colum n,  e l u t e d  w i t h  m e th y le n e  c h l o r i d e  and f u r t h e r  
c o n c e n t r a t e d  t o  a s m a l l  vo lume .
The c o n c e n t r a t e d  sam ple  was d i v i d e d  i n t o  two e q u a l  f r a c t i o n s ,  
o n l y  one o f  which was d e n i t r o s a t e d ,  and b o t h  o f  which were t a k e n  t o  
d r y n e s s  and d e r i v a t i z e d .  The f l u o r o m e t r i c  s c a n s  o f  bo th  d e n i t r o ­
s a t e d  ( " s p l i t " )  and " u n s p l i t "  s am p les  were r e c o r d e d  and compared
ix
t h u s  a l l o w i n g  c o r r e c t i o n  f o r  b a c kg round  amine c o n t a m i n a n t s .  Recov­
e r i e s  o f  v o l a t i l e  N - n i t r o s a m i n e s  r a n g e d  from 50-80  p e r c e n t  e x c e p t  
f o r  n i t r o s o p y r r o l i d i n e  which was r e c o v e r e d  t o  t h e  e x t e n t  o f  2 5 -4 0  
p e r c e n t .
N - d i m e t h y l n i t r o s a m i n e  was found i n  s e v e r a l  p r o c e s s e d  s e a f o o d  
s a m p l e s  and  i n  s e v e r a l  samples  o f  f r o z e n  c lams  and m u s s e l s  which 
had been s t o r e d  f o r  an e x te n d e d  p e r i o d .  A l th o u g h  s t r i n g e n t  c o m p a r i ­
s o n s  o f  t h i s  method w i th  g a s - l i q u i d  c h ro m a to g ra p h y -m a ss  s p e c t r o m e t r y  
have  n o t  been  c o m p l e t e d ,  i t  a p p e a r s  t h a t  t h e  f l u o r e s c e n c e - s c a n n i n g  
p r o c e d u r e  w i l l  p r o v i d e  an i n e x p e n s i v e  and s i m p l i f i e d  a l t e r n a t i v e  t o  
t h e s e  s t a n d a r d  b u t  complex p r o c e d u r e s  f o r  t h e  a n a l y s i s  o f  N - n i t r o s ­
a m i n e s .
INTRODUCTION
H i s t o r i c a l  Background 
N - n i t r o s o  and C - n i t r o s o  compounds have t h e  n i t r o s o  g r o u p  
a t t a c h e d  e i t h e r  t o  a n i t r o g e n  atom o r  t o  a c a r b o n  atom r e s p e c t i v e l y .  
The c h e m i c a l  r e a c t i v e n e s s  o f  t h e s e  two g r o u p s  o f  o r g a n i c  compounds 
d i f f e r  c o n s i d e r a b l y  and i s  a d e q u a t e l y  c o v e r e d  by F e u e r  ( 1 ) i n  two 
vo lum es .  B i o l o g i c a l l y  many o f  t h e  N - n i t r o s a m i n e s  a r e  c a r c i n o g e n i c ,  
m u ta g e n ic  and  t e r a t o g e n i c ,  w he re as  among t h e  C - n i t r o s o  compounds,  
o n l y  a few compounds ,  e . g . ,  p - n i t r o s o - N ,  N - d i m e t h y l a n i l i n e  ( 2 )  have 
been  t e s t e d  and  have  shown weak c a r c i n o g e n e s i s  i n  l a b o r a t o r y  a n i m a l s .
A l th o u g h  Barnes  and Magee ( 3 )  a r e  c r e d i t e d  a s  t h e  f i r s t  t o  
r e p o r t  t h e  c a r c i n o g e n i c i t y  o f  d i m e t h y l n i t r o s a m i n e  (DMN), two e a r l i e r  
r e p o r t s  by F reund  ( 4 )  i n  1937 and H a m i l to n  and Hardy ( 5 )  in  1949 d e ­
s c r i b e d  p o i s o n i n g s  i n v o l v i n g  DMN a s  t h e  p o s s i b l e  c a u s a t i v e  a g e n t .
Barnes  and M a g ee ' s  r e p o r t  ( 3 )  p e r t a i n e d  t o  an i n d u s t r i a l  
a c c i d e n t  where two o f  t h r e e  w o r k e r s  who were u s i n g  DMN a s  a s o l v e n t  
became v e r y  i l l .  Both w o r k e r s  showed s e v e r e  h e p a t i c  i m p a i r m e n t .
Magee and Barnes  ( 6 ) f o l l o w e d  up t h e i r  r e p o r t  w i t h  l a b o r a t o r y  
s t u d i e s  p e r fo rm e d  on a n i m a l s  and  t h e  r e s u l t s  o f  t h e  t e s t s  i n d i c a t e d  
t h a t  DMN c a u s e d  l i v e r  t u m o r s  i n  n e a r l y  a l l  o f  t h e  a n i m a l s  t h a t  r e ­
c e i v e d  t h e  compound.
The Army Chemica l  C e n t e r  i n  Maryland in  1955 ( 7 )  r e p o r t e d  
symptoms o f  humans e xposed  t o  DMN v a p o r s .  D i a g n o s t i c  t e s t s  showed 
l i v e r  damage and  a b n o r m a l l y  h i g h  body t e m p e r a t u r e s  i n  t h e  exposed  
p a t i e n t s .  J a c o b s o n  and c o l l a b o r a t o r s  ( 6 ) w i t h i n  t h a t  l a b o r a t o r y
2c o n d u c te d  a n i m a l  t o l e r a n c e s  t o  d i f f e r e n t  l e v e l s  o f  DMN v a p o r s .  R a t s ,  
mice and  dogs were t e s t e d ,  w i t h  dogs r e s p o n d i n g  t o  t h e  e f f e c t s  o f  
t h e  v a p o r  a t  l o w e r  c o n c e n t r a t i o n s  t h a n  mice o r  r a t s .  Two o f  t h r e e  
dogs d i e d  w i t h i n  two days  a f t e r  b e in g  e xposed  t o  t h e  l o w e s t  c o n c e n ­
t r a t i o n  t e s t e d  (16 ppm o r  48 mg/M^ f o r  f o u r  h o u r s ) .
By 1967 o t h e r  w ork e rs  had f u r t h e r  t e s t e d  n o t  o n l y  DMN bu t  
o t h e r  n i t r o s o  compounds.  Two c o m p r e h e n s iv e  r e p o r t s  were p u b l i s h e d  in  
t h a t  y e a r :  Magee and B a r n e s '  r e v i e w  ( 8 ) c o v e r s  t h e  c h e m i s t r y  o f  t h e
n i t r o s o  compounds,  p a t h o l o g i c a l  e f f e c t s  ( b o t h  a c u t e  and c h r o n i c  
a s p e c t s ) ,  and m e ta b o l i s m  and  b i o c h e m i c a l  e f f e c t s  o f  t h e  n i t r o s a m i n e s .  
D ur ing  t h a t  same y e a r  D ruc ke ry  e t  a l .  ( 9 )  p u b l i s h e d  an  e x t e n s i v e  r e ­
view on 65 n i t r o s a m i n e s  and n i t r o s a m i d e s  which  had been t e s t e d  i n  
v a r i o u s  l a b o r a t o r y  a n i m a l s .  To d a t e ,  o v e r  100 n i t r o s o  compounds 
have  been  t e s t e d  w i t h  80 p e r c e n t  o f  them d e m o n s t r a t i n g  c a r c i n o g e n i ­
c i t y  i n  a n i m a l s .
Momentum f o r  t h e  e a r l y  r e s e a r c h  on t h e s e  compounds from 
a p p r o x i m a t e l y  1954-1967 was s t i m u l a t e d  by t h e  p o t e n t i a l  human t o x i c i t y  
a s s o c i a t e d  w i t h  i n d u s t r i a l  c o n t a c t .  Many t o x i c i t y  s t u d i e s  on t h e  
c h e m i c a l s '  e f f e c t  on a n im a l  p h y s i o l o g y  were c o n d u c t e d ;  t h e  t o x i c  
c h e m i c a l  i n  a l l  t h e s e  i n v e s t i g a t i o n s  was a d m i n i s t e r e d  by t h e  e x p e r i ­
m e n te r  and t h e  i n c i d e n c e  o f  tumor  p r o d u c t i o n  o r  i n c r e a s e / d e c r e a s e  i n  
a c t i v i t i e s  o f  v a r i o u s  b i o l o g i c a l  f u n c t i o n s  were m ea s u red .
In  Norway, d u r i n g  1960-1962  s e v e r a l  o u t b r e a k s  o f  l i v e r  t o x i ­
c i t y  i n  f u r - b e a r i n g  a n i m a l s  o c c u r r e d  ( 1 0 ) and s i m i l a r  d i s o r d e r s  among 
s h e e p  were r e p o r t e d  by Koppang in  1964 ( 1 1 ) .  Koppang (12 )  d e m o n s t r a ­
t e d  t h e  t o x i c  e l e m e n t  r e s p o n s i b l e  f o r  t h e  l i v e r  i n j u r y  which c a u se d  
many f a t a l i t i e s  had o r i g i n a t e d  i n  t h e  h e r r i n g  meal  f e d  t h e s e  a n i m a l s .
3Ender  e t  a l .  ( 13 )  i s o l a t e d  and i d e n t i f i e d  t h e  t o x i c  compound 
a s  DMN. T h e r e f o r e ,  i t  was e s t a b l i s h e d  t h a t  a t o x i c  s u b s t a n c e  was p r o ­
duced i n  p r o c e s s i n g  t h e  f i s h  meal  by t h e  i n t e r a c t i o n  o f  n a t u r a l l y  
o c c u r r i n g  am ines  and  a p r e s e r v a t i v e ,  n i t r i t e .  S i n c e  n i t r i t e  i s  
a l s o  used  a s  a p r e s e r v a t i v e  i n  p r o c e s s e d  f o o d s  f o r  humans t h e  food 
c h a i n  o f  n o t  o n l y  a n i m a l s  bu t  a l s o  o f  man became i m p l i c a t e d .  A t t e n ­
t i o n  was i n i t i a l l y  f o c u s e d  on t h e  p o s s i b l e  o c c u r r e n c e  o f  t h e s e  com­
pounds i n  f o o d s t u f f s  f o r  human and a n i m a l  c o n s u m p t io n .
S e v e r a l  s e r i o u s  o b s t a c l e s  were e n c o u n t e r e d .  P r o c e d u r e s  f o r  
t h e  d e t e c t i o n  o f  t h e s e  compounds i n  f o o d s t u f f s  were found t o  be q u i t e  
i n a d e q u a t e  i n  s p e c i f i c i t y  and s e n s i t i v i t y .  F u r t h e r m o r e ,  t h e  q u e s t i o n  
a r o s e  a s  t o  which compounds i n  a d d i t i o n  t o  DMN s h o u ld  be i n c l u d e d  in  
t h e  s u r v e y .  T h i s  di lemma a l t h o u g h  n o t  y e t  r e s o l v e d  i s  c u r r e n t l y  r e ­
c e i v i n g  c o n s i d e r a b l e  a t t e n t i o n .
P r o p e r t i e s  o f  N i t r o s a m i n e s  
To t h e  c h e m i s t ,  N - n i t r o s a m i n e s  have  been i m p o r t a n t  compounds 
f o r  s e v e r a l  r e a s o n s :  h i g h  c h e m i c a l  r e a c t i v i t y  o f  t h e  n i t r o s o - g r o u p ,
i m p o r t a n t  i n t e r m e d i a t e s  i n  r e a c t i o n s ,  compounds f o r  i n v e s t i g a t i n g  
P-' lt c o n j u g a t i o n ,  and n - * f *  and I f - i t *  t r a n s i t i o n s .  In 1863,  G e u t h e r
(14 )  f i r s t  r e p o r t e d  t h e  r e a c t i o n  o f  d i e t h y l a m i n e - h y d r o c h l o r i d e  w i t h  
sodium n i t r i t e  i n  a c i d i c  s o l u t i o n  t o  y i e l d  N - d i e t h y l n i t r o s a m i n e  (DEN). 
A .L .  F r idm an  e t  a l .  ( 15 )  r e c e n t l y  p u b l i s h e d  a r e v i e w  c o v e r i n g  t h e  
c h e m i c a l  l i t e r a t u r e  o f  n i t r o s a m i n e s .
P h y s i c a l  P r o p e r t i e s  
The s m a l l e r  N - n i t r o s o  d i a l k y l a m i n e s  a r e  y e l l o w i s h ,  o i l y  
l i q u i d s  w i t h  a d e n s i t y  n e a r  1 . 0  and b o i l i n g  p o i n t s  in  t h e  r ange  o f  
150° -  220°C a t  760 mm p r e s s u r e .  The d i s s o c i a t i o n  e n e r g y  o f  t h e
4n i t r o g e n - n i t r o g e n  bond i s  c o m p a r a t i v e l y  low i n  c o m p a r i s o n  w i t h  t h a t  o f  
o t h e r  o r g a n i c  bonds .  The d i s s o c i a t i o n  e n e r g y  o f  t h e  n i t r o g e n - n i t r o g e n  
bond o b t a i n e d  by t h e r m o c h e m ic a l  a n a l y s i s  was 32 Kca l  mole \  K i n e t i c  
d a t a  p l a c e d  i t s  s t r e n g t h  a t  43 Kca l  mole \  R e c e n t l y  t h e  e n e r g y  o f  
d i s s o c i a t i o n  was r e c a l c u l a t e d  t o  be 55 .2  Kca l  m o le "^ .  The f o l l o w i n g  
e n e r g i e s  o f  d i s s o c i a t i o n  i l l u s t r a t e  t h e  "w eakness"  o f  t h i s  bond i n  
c o m p a r i s o n  t o  o t h e r s  e x p r e s s e d  i n  K c a l  mole- '*- : N-N, 3 2 - 5 5 ;  N=N, 61;
N=N, 225 ;  C-N, 6 6 ; C-C,  80 ;  C=C, 145 ;  C=C, 198 ( 1 6 ) .
The n i t r o s o  g roup  i s  bonded t o  t h e  n i t r o g e n  atom o f  t h e  amine 
w i t h  t h e  g e n e r a l  s t r u c t u r e  o f  R2 N-N=0. ( I n  a d d i t i o n  t o  t h e  d e s i ­
g n a t i o n  a s  N - n i t r o s a m i n e s  t h e s e  compounds a r e  a l s o  r e f e r r e d  t o  a s  
n i t r o s a m i n e s  o r  N - n i t r o s o  com p o u n d s ) .
The v a r i a t i o n  in  t h e  s t r u c t u r e  o f  t h e  "R" g r o u p s  c a n  g i v e  a 
wide r a n g e  o f  p h y s i c a l  p r o p e r t i e s  and c h e m i c a l  r e a c t i v i t i e s  t o  t h e s e  
compounds.  N i t r o s a m i n e s  can  e x i s t  i n  a monomeric  o r  d i m e r i c  fo rm ,  
form hyd rogen  bonded complexes  and even  become p r o t o r i a t e d  u n d e r  some 
c o n d i t i o n s .  These  forms c a n  a l s o  a l t e r  p h y s i c a l  p r o p e r t i e s ,  e . g . ,  
a b s o r p t i o n  s p e c t r a .  F e u e r  ( 1 )  d i s c u s s e d  and rev ie w e d  t h e  IR s t u d i e s  
pe r fo rm e d  on n i t r o s a m i n e s  and d e s c r i b e s  t h e  d i f f e r e n c e s  in  t h e  s p e c t r a  
o f  monomeric  and d i m e r i c  forms i n  a v a r i e t y  o f  s o l v e n t s .  NMR i n v e s ­
t i g a t i o n s  show t h e  p r e s e n c e  o f  c i s - t r a n s  i s o m e rs  f o r  many o f  t h e  com­
po u n d s ,  e . g . ,  K a r a b a t s o s  ( 1 7 ) ;  Looney ( 1 8 ) .
Two m a jo r  a b s o r p t i o n  bands  a p p e a r  i n  t h e  u l t r a v i o l e t  s p e c t r a  
o f  n i t r o s a m i n e s .  The i n t e n s e  band a t  235 nm i s  due t o  t r a n s ­
i t i o n  and has  a m ola r  e x t i n c t i o n  c o e f f i c i e n t  o f  a p p r o x i m a t e l y  1 0 , 0 0 0 . 
The low er  i n t e n s i t y  a b s o r p t i o n  maximum i s  n e a r  350 nm and h a s  been 
a s s i g n e d  t o  t h e  n - T f * t r a n s i t i o n .  The m o la r  e x t i n c t i o n  c o e f f i c i e n t
5i s  a p p r o x i m a t e l y  100 .  The p r o t o n a t e d  s p e c i e s  o f  n i t r o s a m i n e s  do n o t  
a b s o r b  i n  t h e  350 nm r a n g e .  P e nsabene  e t  a l .  ( 19 )  r e c e n t l y  p u b l i s h e d  
s p e c t r a ,  b o i l i n g  p o i n t s  and g a s  c h r o m a t o g r a p h i c  c h a r a c t e r i s t i c s  o f  
25 n i t r o s a m i n e s .
C h em ica l  P r o p e r t i e s  
The d i s c u s s i o n  o f  t h e  c h e m i c a l  r e a c t i o n s  o f  t h e s e  compounds 
w i l l  f o c u s  on t h e  (N-N=0) e n t i t y  o f  t h e  m o l e c u l e ,  u n l e s s  s t a t e d  o t h e r ­
w i s e .  R e d u c t i o n ,  o x i d a t i o n ,  p y r o l y s i s ,  p h o t o l y s i s  and r e a r r a n g e m e n t  
w i l l  be d i s c u s s e d .
The p r i n c i p a l  r e a c t i o n  p r o d u c t s  t h e s e  compounds y i e l d  upon r e ­
d u c t i o n  a r e  s e c o n d a r y  a m ines  by e l i m i n a t i o n  o f  t h e  n i t r o s o  g roup  
( d e n i t r o s a t i o n )  o r  u n s y m m e t r i c a l  h y d r a z i n e s  t h r o u g h  r e d u c t i o n  o f  t h e  
n i t r o s o  g r o u p .  A l th o u g h  t h e  c h o i c e  o f  p r o d u c t s  can  be enhanced  by 
t h e  c o n d i t i o n s  and  r e d u c i n g  a g e n t s  c h o s e n ,  b o th  p r o d u c t s  a r e  l i k e l y  
t o  be p ro d u ce d  t o  some d e g r e e .
S y n t h e s i s  o f  h y d r a z i n e  p r o d u c t s  ha s  been a c c o m p l i s h e d  by t h e  
u s e  o f :  a c e t i c  a c i d  and  z i n c  d u s t  ( 2 0 ) ,  l i t h i u m  a lum in ium  h y d r i d e
( 2 1 ) ,  c a t a l y t i c  h y d r o g e n a t i o n  i n  t h e  p r e s e n c e  o f  p a l l a d i u m  ( 2 2 ) and 
e l e c t r o c h e m i c a l  r e d u c t i o n  ( 2 3 ) .
S e c o n d a ry  a m ines  a r e  formed when t h e  n i t r o s o  compounds a r e  
t r e a t e d  w i t h  z i n c  o r  t i n  d u s t  i n  h y d r o c h l o r i c  a c i d  s o l u t i o n  ( 2 4 ) .  
Hydrogen c h l o r i d e  i s  a more e f f i c i e n t  d e n i t r o s a t i n g  compound t h a n  
h y d r o c h l o r i c  a c i d  and m ethods  have  been p r o p o se d  f o r  t h e  s y n t h e s i s  
o f  pu re  s e c o n d a r y  am ines  ( 2 5 ) .  These  m ethods  i n v o l v e  t h e  d e n i t r o s a ­
t i o n  o f  n i t r o s a m i n e s  w i t h  h y d ro g en  c h l o r i d e  i n  o r g a n i c  s o l v e n t s ,  
e . g . ,  t o l u e n e  o r  e t h e r .
6A c c o rd in g  t o  Fan and Tannenbaum (26 )  n i t r o s a m i n e s  a r e  s t a b l e  
u n d e r  m i ld  a c i d i c  c o n d i t i o n s  even  a t  e l e v a t e d  t e m p e r a t u r e s  l i k e  t h o s e  
needed  f o r  d i s t i l l a t i o n .  E i s e n b r a n d  e t  a]^. ( 2 7 )  was a b l e  t o  d i s t i l l  
many o f  t h e  d i a l k y l  and a l i c y c l i c  n i t r o s o - c o m p o u n d s  q u a n t i t a t i v e l y  a t  
a t m o s p h e r i c  p r e s s u r e  f rom s o l u t i o n s  o f  0 .2  N a c i d s .  However ,  u n d e r  
a n h y d ro u s  c o n d i t i o n s  i n  t h e  p r e s e n c e  o f  hydrogen  bromide E i s e n b r a n d  
(2 8 )  was a b l e  t o  q u a n t i t a t i v e l y  d e n i t r o s a t e  many o f  t h e  n i t r o s a m i n e s .
A s e c o n d a r y  amine and n i t r o s y l  bromide  c o u ld  be r e c o v e r e d  a s  t h e  
p r o d u c t s .  Lun t  e t  a l .  ( 29 )  a c c o m p l i s h e d  d e n i t r o s a t i o n  o f  s e v e r a l  
n i t r o s a m i n e s  i n  an  a n h y d ro u s  s o l u t i o n  o f  m e th y le n e  c h l o r i d e  c o n t a i n ­
in g  25% t h i o n y l  c h l o r i d e .  In t h i s  c a s e  o n ly  t h e  n i t r o s y l  s p e c i e s  
was m ea s u red .  The e f f e c t s  o f  t e m p e r a t u r e ,  t im e  and c o n c e n t r a t i o n  o f  
hyd rogen  bromide  were s t u d i e d  by E i s e n b r a n d  ( 2 8 ) .  A l though  q u a n t i t a ­
t i v e  d e n i t r o s a t i o n  was o b t a i n e d  o v e r  a wide r a n g e  o f  t e m p e r a t u r e ,  
t im e  and c o n c e n t r a t i o n  o f  h yd rogen  b ro m id e ,  t h e  p r e s e n c e  o f  s m a l l  
amounts  o f  w a t e r  g r e a t l y  r e d u c e d  d e n i t r o s a t i o n .
O x i d a t i o n  o f  t h e  n i t r o s o - s p e c i e s  r e s u l t s  i n  a d d i t i o n  o f  oxygen 
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t o  form N -  N• . The r e s u l t i n g  compounds a r e  named n i t r a m i n e s .
Emmons (30 )  p r e p a r e d  n i t r a m i n e s  from n i t r o s a m i n e s  in  g r e a t e r  t h a n  90% 
y i e l d  u s i n g  a m i x t u r e  o f  t r i f l u o r o a c e t i c  a c i d  and hydrogen  p e r o x i d e .
R i c h a t s o n  and S t e v e n s  ( 3 1 )  i n v e s t i g a t e d  t h e  t h e r m a l  d e g r a d a t i o n  
p r o d u c t s  o f  n i t r o s a m i n e s .  The r e a c t i o n  p r o d u c t s  t h e r m a l l y  d e r i v e d  
s u p p o r t e d  t h e  t h e o r y  t h a t  two pa thways  were i n v o l v e d .  R i c h a t s o n  f u r ­
t h e r  d e t e r m i n e d  t h a t  s u b s t i t u e n t s  on t h e  amino n i t r o g e n  o f  t h e  n i t r o ­
s a m in e s  g o v e rn e d  t h e  pa thway t a k e n .  The p r o d u c t s  o b s e rv e d  were t h o s e  
r e s u l t i n g  from t h e  c o m b i n a t i o n  o f  t h e  r a d i c a l  f r a g m e n t s  p roduced  u n d e r  
t h e s e  c o n d i t i o n s .  The b a s i c  d i f f e r e n c e  be tw een  t h e  pa thways  i s  t h e
7e l i m i n a t i o n  o f  n i t r o g e n  g a s  by one r o u t e .  In  t h e  seco n d  pa thway b o t h  
f r a g m e n t  components  r e t a i n  a  n i t r o g e n  a to m  and  t h u s  form n i t r o g e n -  
c o n t a i n i n g  p r o d u c t s .  T e m p e r a tu r e s  used  in  t h e s e  p y r o l y s i s  s t u d i e s  
r a n g e d  from 190°  -  240°C.
P h o t o l y s i s  o f  t h e  c h e m i c a l  bond be tween  t h e  two n i t r o g e n  atoms  
h a s  been  i n v e s t i g a t e d  s e v e r a l  t i m e s  s i n c e  t h e  work o f  Bramford ( 3 2 ) .  
Bramford o b s e r v e d  t h a t  DMN and DEN in  t h e  v a p o ro u s  s t a t e  i n  t h e  p r e s ­
ence  o f  UV l i g h t  y i e l d e d  a m i x t u r e  o f  s e c o n d a r y  amines  and o t h e r  com­
pounds formed from f r e e  r a d i c a l  c o m b i n a t i o n .  S ince  t h i s  w ork ,  o t h e r s  
have  i n v e s t i g a t e d  t h e  p h o t o l y s i s  o f  n i t r o s a m i n e s  and examined t h e  
p r o d u c t s  more c l o s e l y .  D i f f e r e n t  t h e o r i e s  have been  p ro p o se d  on  t h e  
mechanism of  p h o t o s p l i t t i n g .  V a r i a b l e  c o n d i t i o n s  unde r  which t h e  i r r a ­
d i a t i o n  o f  t h e  n i t r o s o  compounds was c a r r i e d  ou t  may a c c o u n t  f o r  t h e  
d i f f e r i n g  i d e a s .  Bramford s u g g e s t e d  a d i a l k y l a m i n o  r a d i c a l  a s  an 
i n t e r m e d i a t e  p r i o r  t o  t h e  f o r m a t i o n  o f  t h e  s e c o n d a r y  amine .  Burgess  
and L a v a n i s h  (33 )  found no p h o to  d e c o m p o s i t i o n  o f  d i b u t y l n i t r o s a m i n e  
(DBN) in  h y d r o c a r b o n  s o l u t i o n s  a t  w a v e l e n g t h s  above 300 nm. However ,  
upon a d d i t i o n  o f  a  p r o t o n  d o n o r ,  p h o t o l y s i s  to o k  p l a c e  and an ami-  
doxime was r e c o v e r e d  in 50% y i e l d .  No p h o t o l y s i s  o c c u r r e d  when t h e  
n i t r o s a m i n e s  were in 9 .0  M H2 SO4 . They a l s o  o b s e r v e d  t h a t  in  t h e  
p r e s e n c e  o f  e l e c t r o n  t r a n s f e r  a g e n t s  t h a t  t h e  r a d i c a l  d i s s o c i a t e s  
and r e s u l t s  i n  t h e  q u a n t i t a t i v e  c o n v e r s i o n  t o  s e c o n d a r y  a m i n e s .  The 
p r o p o s a l  was made t h a t  t h e  p h o t o c h e m i c a l l y - g e n e r a t e d  r a d i c a l  i n t r a -  
m o l e c u l a r l y  a b s t r a c t s  a h y d r o g e n .  Chow ( 3 4 )  c o n f i r m e d  t h e  s t a b i l i t y  
o f  N - n i t r o s a m i n e s  in h y d r o c a r b o n  s o l u t i o n s  ( an d  a l s o  in  w a t e r )  t o  UV 
l i g h t .  A d d i t i o n  o f  d i l u t e  a c i d  ( l e s s  t h a n  0 .3  N HCl) q u i c k l y  e l i m i n ­
a t e d  t h e  a b s o r b a n c e  o f  t h e  n i t r o s a m i n e  i n  t h e  330 nm r a n g e .  The i s o -
8l a t e d  p r o d u c t s  r e s u l t i n g  from p h o t o d e c o m p o s i t i o n  o f  DBN were a s  
f o l l o w s :  b u t y r a l d e h y d e  (9%) ,  N - b u t y l - b u t y r a m i d - o x i m e  (60%) and  d i -
b u t y l a m i n e  ( 21%).
In  1967 Chow (35)  r e p o r t e d  t h a t  t h e  p r i m a r y  p h o t o l y t i c  p r o d ­
u c t s  were (NOH) and  t h e  c o r r e s p o n d i n g  a l k y l i d e n e  imine  which underw en t  
f u r t h e r  r e a c t i o n s .  E v ide nce  was p r e s e n t e d  i n d i c a t i n g  t h a t  any  s e c o n d ­
a r y  amine formed d i d  no t  r e s u l t  f rom d i r e c t  h y d r o l y s i s  o f  t h e  p a r e n t  
n i t r o s a m i n e .
E v ide nce  p r e s e n t e d  by t h e s e  i n v e s t i g a t o r s  ( 3 3 ,  35)  and  o t h e r s
(1 5 )  show t h a t  n i t r o s a m i n e s  do pho to -decom pose  i n  s h o r t  and l o n g  wave 
u l t r a v i o l e t  l i g h t  when i n  d i l u t e  a que ous  s o l u t i o n s  o f  e i t h e r  a c i d  o r  
b a s e .  The p r o d u c t s  g e n e r a t e d  a r e  o f t e n  complex i n  s t r u c t u r e .  However ,  
a t  w a v e l e n g t h s  o v e r  300 nm n i t r o s a m i n e s  i n  t h e  g a s e o u s  s t a t e ,  n e a t  o r  
a p r o t i c  s o l v e n t s  do n o t  d e n i t r o s a t e  r e a d i l y .  I n  c o n c e n t r a t e d  a c i d i c  
s o l u t i o n s  ( a p p r o x i m a t e l y  4 M H2 SO4 o r  g r e a t e r )  t h e s e  compounds a r e  
n o t  p h o t o l a b i l e .
A r o m a t i c  s e c o n d a r y  n i t r o s a m i n e s  e x h i b i t  r e v e r s i b l e  r e a r r a n g e ­
ment  u n d e r  a c i d i c  e n v i r o n m e n t s .  The n i t r o s o - g r o u p  r e a r r a n g e s  i n t e r - 
m o l e c u l a r l y  t o  t h e  p a r a  p o s i t i o n .  T h i s  r e a c t i o n  i s  t e r m e d  t h e  
F i s c h e r - H e p p  r e a r r a n g e m e n t .  I f  t h e  p a r a  p o s i t i o n  i s  o c c u p ie d  t h e  
n i t r o s o - g r o u p  c a n  o r i e n t  i n  t h e  o r t h o  p o s i t i o n  a l t h o u g h  y i e l d s  o f  
t h i s  p r o d u c t  a r e  g e n e r a l l y  r e d u c e d  ( 3 6 ) .
S y n t h e s i s
N i t r o s a t i o n  and n i t r o s a t i n g  a g e n t s  have  been s t u d i e d  by Ridd 
( 3 7 ) .  N i t r o s a t i n g  a g e n t s  a r e  r e l a t e d  t o  n i t r o u s  a c i d  h a v in g  t h e  
s t r u c t u r e  NOX where "X" can r e p r e s e n t  an  -OALK, -NO2 , -NO3 h a l i d e
9i o n  o r  -OH2 g r o u p .  However ,  one o f  t h e  most  a c t i v e  n i t r o s a t i n g  
a g e n t s  i s  t h e  n i t r o s o n i u m  c a t i o n  (N0+) and i s  o f t e n  u se d  i n  l a b o r a t o r y  
s y n t h e s i s .  The n i t r o s a t i n g  a g e n t s  a t t a c k  t h e  l o n e  p a i r  o f  e l e c t r o n s  
on t h e  n i t r o g e n  atom o f  t h e  u n p r o t o n a t e d  a m ine .  T h e r e f o r e ,  h i g h l y  
b a s i c  a m i n e s ,  e . g . ,  a l i p h a t i c  s e c o n d a r y  a m i n e s ,  a r e  f a v o r a b l y  n i t r o -  
s a t e d  i n  weakly a c i d i c  s o l u t i o n s .  D i n i t r o g e n  t r i o x i d e  o r  n i t r o s y l -  
h a l i d e s  a r e  t h e  b e s t  n i t r o s a t i n g  a g e n t s  i n  t h i s  c a s e .  Amines w i t h  
low e l e c t r o n  d e n s i t y  on t h e  n i t r o g e n  a to m ,  e . g . ,  a n i l i n e ,  c a n  be 
n i t r o s a t e d  in  h i g h l y  a c i d i c  s o l u t i o n s  w i t h  t h e  n i t r o s o n i u m  i o n .
L a b o r a t o r y  s y n t h e s i s  o f  a l i p h a t i c  and a r o m a t i c  n i t r o s a m i n e s  
i n  an a c i d i c  medium i s  p r e s e n t e d  by F i e s e r  and  F i e s e r  ( 3 8 ) .  Tempera ­
t u r e  and pH o f  t h e  s o l u t i o n  a r e  i m p o r t a n t  c r i t e r i a  in  a c h i e v i n g  o p t i ­
mum y i e l d s .  F r id m an  «rt al_. ( 1 5 )  i n  t h e i r  r e v i e w  o f  n i t r o s a m i n e s  have 
c o v e r e d  o t h e r  r o u t e s  o f  s y n t h e s i s .
A n o v e l  s y n t h e s i s  was d e m o n s t r a t e d  by K e e f e r  et_ aTL. ( 3 9 ) .  
F o r m a t io n  o f  n i t r o s a m i n e s  from s e c o n d a r y  amines  and n i t r i t e  o c c u r r e d  
i n  a l k a l i n e  s o l u t i o n  when fo rm a ld e h y d e  was used  a s  a c a t a l y s t .  At 
room t e m p e r a t u r e  o n l y  1% o f  t h e o r e t i c a l  y i e l d  was p roduced  w h i l e  u n d e r  
r e f l u x  c o n d i t i o n s  n i t r o s o p y r r o l i d i n e  was formed a t  a y i e l d  o f  46% 
N i t r o s a t i o n  d i d  no t  o c c u r  above pH 7 . 5  i f  f o rm a ld e h y d e  was n o t  a d d e d .
A mechanism was p r o p o s e d  i l l u s t r a t i n g  t h e  d i r e c t  c o l l a p s e  o f  an a d d u c t  
w i t h  t h e  r e g e n e r a t i o n  o f  fo rm a ld e h y d e  and p r o d u c t i o n  o f  t h e  n i t r o s a m i n e .
Almost  one h u nd red  y e a r s  o f  c o n t r o v e r s y  p r e v a i l e d  s i n c e  G u e t h e r  
c l a i m e d  i n  1864 (4 0 )  t h a t  he had p roduced  a n i t r o s a m i n e  from t h e  r e ­
a c t i o n  o f  a t e r t i a r y  amine and n i t r o u s  a c i d .  In  1959 Sm ith  and P a r s  
(4 1 )  p r e s e n t e d  c o n v i n c i n g  p r o o f  o f  t h e  s y n t h e s i s  o f  n i t r o s a m i n e s  from 
a t e r t i a r y  amine and n i t r o u s  a c i d .  I n  a s t u d y  o f  t h e  mechanism
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t h e y  c o n c lu d e d  t h a t  i t  i n v o l v e s  an a t t a c k  on t h e  n u c l e o p h i l i c  n i t r o g e n  
atom o f  t h e  amine  by t h e  n i t r o s a t i n g  a g e n t  r e s u l t i n g  in  f o r m a t i o n  o f  
t h e  ni t rosam monium  i o n .  T h i s  s p e c i e s  u n d e rg o e s  h y d r o l y s i s  y i e l d i n g  
a s e c o n d a r y  amine  and  a k e t o n e  o r  a l d e h y d e .  A n o th e r  m o le c u le  o f  t h e  
n i t r o s a t i n g  a g e n t  t h e n  r e a c t s  w i t h  t h e  s e c o n d a r y  amine and forms t h e  
n i t r o s a m i n e .
C o n t r o v e r s y  h a s  a r i s e n  i n  t h e  mechanism p ro p o se d  f o r  t h e  p r o ­
d u c t i o n  o f  n i t r o s a m i n e s  from t e r t i a r y  a m i n e s .  M a l in s  e t  a l .  ( 42 )  r e ­
p o r t e d  t h a t  u n d e r  c e r t a i n  c o n d i t i o n s  DMN was formed from t r i m e t h y l -  
amine  (TMA) and n o t  f rom d i m e th y la m in e  (DMA). T h i s  l e d  S c a n l a n  e t  a l .  
( 43 )  t o  compare p r o d u c t i o n  o f  DMN from DMA and TMA } by v a r y i n g  t h e  
r a t i o  o f  t h e s e  am ines  t o  n i t r i t e  t h e  p r o d u c t i o n  o f  DMN v a r i e d .
E qua l  r a t i o s  o f  amine t o  n i t r i t e  y i e l d e d  e i g h t  t i m e s  t h e  
amount  o f  DMN formed from DMA v s .  TMA. At  a 3 0 : 1  r a t i o  a l m o s t  e q u a l  
amounts  o f  DMN was p roduced  from e i t h e r  a m ine .  I n c r e a s i n g  t h e  amine 
t o  n i t r i t e  r a t i o s  above  t h i s  p o i n t  r e s u l t e d  i n  more DMN b e in g  formed 
from TMA t h a n  DMA. The o t h e r  c o n d i t i o n s  were pH 6 . 4 ,  t e m p e r a t u r e  100°C 
and r e a c t i o n  t im e  o f  2 . 5  h o u r s .  These  r e s u l t s  i n d i c a t e d  some o t h e r  
mechanism must  be o p e r a t i n g  o t h e r  t h a n  d e g r a d a t i o n  o f  t e r t i a r y  amines  
t o  s e c o n d a r y  a m in e s .
Smith and P a r s  (41 )  d e g ra d e d  amine o x i d e s  i n  a c i d  o r  w i t h  s u l ­
f u r  d i o x i d e  and a c h i e v e d  s e c o n d a r y  amines  a s  p r o d u c t s  which c o u ld  be 
n i t r o s a t e d .
F i d d l e r  e t  a l .  ( 44 )  a c h i e v e d  n i t r o s a t i o n  o f  n a t u r a l l y  o c c u r ­
r i n g  q u a t e r n a r y  ammonium compounds and  t e r t i a r y  a m i n e s ,  e . g . ,  
c a r n i t i n e ,  n e u r i n e ,  t r i m e t h y l a m i n e ,  e t c .  The y i e l d s  v a r i e d  w i t h  t h e  
i n d i v i d u a l  compounds b u t  a p p ro a c h e d  50% o f  t h e  y i e l d  a s  compared t o
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t h e  y i e l d  o b t a i n e d  from n i t r o s a t i n g  DMA. T h e i r  r e a c t i o n  c o n d i t i o n s  
were pH 5 . 6  and  78°G f o r  f o u r  h o u r s .
Methods f o r  Assay o f  N i t r o s a m i n e s  i n  B i o l o g i c a l  Sam ples
The low c o n c e n t r a t i o n s  found  i n  b i o l o g i c a l  s a m p l e s ,  v o l a t i l i t y  
o f  t h e  n i t r o s a m i n e s  and t h e  d i v e r s i t y  and  c o m p l e x i t y  o f  b i o l o g i c a l  
s am p les  b e in g  examined and t h e  l a c k  o f  knowledge  o f  t h e  b a s i c  p r o p e r ­
t i e s  o f  t h e s e  compounds,  e . g . ,  s t a b i l i t y ,  r e a c t i v i t y ,  e t c .  have  posed  
many p rob lem s  t o  t h e  a n a l y s t .  The r a t e  o f  g row th  i n  t h i s  f i e l d  h a s  
a l s o  p roduced  a wide v a r i e t y  o f  methods  f o r  q u a l i t a t i v e  and q u a n t i t a ­
t i v e  a n a l y s i s  o f  b i o l o g i c a l  s am p les  f o r  t h e s e  compounds.
Wasserman (45 )  and D u P l e s s i s  (46 )  have  r e v i e w e d  t h e  a n a l y t i c a l  
p r o c e d u r e s .  The m ajo r  p rob lem  c o n s i s t s  o f  c o n c e n t r a t i n g  t h e  n i t r o ­
sam ines  b e in g  e x t r a c t e d  w h i l e  s i m u l t a n e o u s l y  e l i m i n a t i n g  t h e  con tam ­
i n a n t s  w i t h o u t  l o s s  o f  t h e  n i t r o s a m i n e s .  F i v e  m a jo r  s t e p s  a r e  i n v o l ­
ved i n  t h e  p r o c e d u r e  f o r  t h e  a n a l y s i s  o f  t h e s e  compounds;  sample  p r e p ­
a r a t i o n ,  e x t r a c t i o n ,  p u r i f i c a t i o n ,  i d e n t i f i c a t i o n  and q u a n t i t a t i o n .
Sample P r e p a r a t i o n  
S o l i d s  and  s e m i s o l i d s  a r e  m inced ,  m a c e r a t e d ,  o r  homogenized  
f o r  s h o r t  p e r i o d s  o f  t im e  ( 1 - 1 0  m i n u t e s ) .  S a l t i n g  ou t  w i t h  K2 CO3 and 
pH a d j u s t m e n t  a r e  o f t e n  done a t  t h i s  s t e p .  Mix ing i n  t h e  p r e s e n c e  o f  
an o r g a n i c  s o l v e n t ,  e . g . ,  m e th y le n e  c h l o r i d e  i s  p r e f e r r e d  by Sen 
e t  £ l .  ( 4 7 ) .  Em uls ions  o f t e n  o c c u r  i n  t h i s  s t e p  and v a r i o u s  a d d i t i v e s ,  
e . g . ,  NaCl and NagS'O^, a r e  u t i l i z e d .  I f  a d i g e s t i v e  r e f l u x  i s  a p p l i e d  
hom ogena t io n  i s  done i n  an  a l k a l i n e ,  a q u e o u s - a l c o h o l i c  media  ( 4 8 ) .
Aqueous sam ples  a r e  p r e p a r e d  f o r  e x t r a c t i o n  w i t h  a d d i t i o n  o f  
s a l t i n g  o u t  a g e n t s  and pH a d j u s t m e n t s .  G a s e s ,  e . g . ,  smoke,  a r e  c o n -
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den s ed  o r  t r a p p e d  and p r e p a r e d  a s  t h e  a q u e o u s  s a m p le s  ( 4 9 ) .
E x t r a c t i o n
One o f  two methods i s  u s u a l l y  employed t o  a c h i e v e  s e p a r a t i o n  
o f  t h e  n i t r o s a m i n e  from t h e  m a t r i x ;  s o l v e n t  p a r t i t i o n i n g  o r  d i s t i l l a ­
t i o n .  Many p r o c e d u r e s  u s e  b o t h  m e thods :  one  f o r  t h e  i n i t i a l  s e p a r a ­
t i o n  f o l l o w e d  by t h e  s econd  a s  an  i n i t i a l  " c l e a n  up" s t e p .  M e thy lene  
c h l o r i d e  h a s  found f a v o r  a s  t h e  s o l v e n t  u s e d  i n  p a r t i t i o n i n g .  T h i s  
s o l v e n t  n o t  o n l y  removes t h e  n i t r o s a m i n e s  e f f i c i e n t l y ,  bu t  i n  a d d i t i o n ,  
i t  h a s  a low b o i l i n g  p o i n t  and i s  i m m i s c i b l e  w i t h  w a t e r .  M e thy lene  
c h l o r i d e  h a s  been u t i l i z e d  i n  S o x h l e t  e x t r a c t i o n  ( 5 0 ) ,  l i q u i d - l i q u i d  
e x t r a c t i o n  ( 5 1 ,  52) o r  e x t r a c t i o n  v i a  s e p a r a t o r y  f u n n e l  ( 5 3 ) .
Many a n a l y s t s  have a p p l i e d  v a r i o u s  d i s t i l l a t i o n  t e c h n i q u e s  i n  
r em ov ing  n i t r o s a m i n e s  from t h e  hom ogena te .  Steam d i s t i l l a t i o n  a t  r e ­
duced  o r  normal  a t m o s p h e r i c  p r e s s u r e s  i s  commonly a p p l i e d  t o  t h e  
aqueous  a l k a l i n e  hom ogena te .  The pH i s  a d j u s t e d  above  n e u t r a l i t y  t o  
p r e v e n t  a r t i f a c t u a l  p r o d u c t i o n  o f  n i t r o s a m i n e s  i f  r e s i d u a l  n i t r i t e  i s  
p r e s e n t .  However ,  Sen e t  a l .  ( 5 4 )  r e p o r t e d  t h e  i n  s i t u  f o r m a t i o n  o f  
n i t r o s o  compounds i n  3 N NaOH w h i l e  F a z i o  e t  a l .  ( 48 )  c o u l d  n o t  d e t e c t  
any  f o r m a t i o n  o f  n i t r o s o - c o m p o u n d s  u s i n g  t h e  same p r o c e d u r e .  A n t i ­
foam a g e n t s  a r e  commonly added p r i o r  t o  d i s t i l l a t i o n .  T e l l i n g  ( 5 5 )  
f i n d s  t h a t  d i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e  a i d s  i n  r e d u c i n g  t h e  foam 
p r o d u c t i o n .
P u r i f i c a t i o n
The " c l e a n  up" p o r t i o n  o f  t h e  p r o c e d u r e  p r i o r  t o  s e p a r a t i o n  
o f  t h e  n i t r o s a m i n e s  has  r e c e i v e d  t h e  most  a t t e n t i o n  s i n c e  c o n t a m i n a n t s  
have  c a u s e d  p rob lem s  in  t h e  i d e n t i f i c a t i o n  o f  t h e  n i t r o s o - c o m p o u n d s .
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With t h e  e x i s t e n c e  o f  m u l t i p l e  m ethods  o f  d e t e c t i o n ,  c o n t a m i n a n t s  i n ­
t e r f e r i n g  in  one  method may n o t  a f f e c t  a n o t h e r  p r o c e d u r e .  A c om bina -  
a t i o n  o f  two o r  more o f  t h e  f o l l o w i n g  t e c h n i q u e s  have  been  u t i l i z e d  
i n  removing  i n t e r f e r i n g  compounds:  i o n  exchange  (5 6 )  and a d s o r p t i o n
r e s i n s  ( 5 5 ) ,  p a r t i t i o n i n g  b e tw e en  a n  a q u e o u s  f r a c t i o n  and an  o r g a n i c  
s o l v e n t  ( 5 7 ) ,  d i s t i l l a t i o n s  from media o f  d i f f e r e n t  pH (2 7 ) and p r e p a ­
r a t i v e  TLC ( 5 0 ) .  Almost  a l l  o f  t h e  p r o c e d u r e s  i n c o r p o r a t e  a c o n c e n ­
t r a t i o n  and a d r y i n g  s t e p .  The b e s t  r e s u l t s  have  been  o b t a i n e d  by 
c o n c e n t r a t i n g  t h e  o r g a n i c  s o l v e n t  i n  a n  a p p a r a t u s  c a l l e d  a K ude rna -  
D a n i s h .  Water  c o n t a m i n a t i o n  r e s u l t s  i n  l o s s e s  d u r i n g  c o n c e n t r a t i o n  
and i n h i b i t s  some methods  o f  d e t e c t i o n  ( 5 8 ) .  T h e r e f o r e ,  most  s am p les  
a f t e r  b e in g  p a r t i t i o n e d  i n  t h e  o r g a n i c  p ha se  a r e  p e r c o l a t e d  t h r o u g h  a 
bed o f  a n h y d ro u s  sodium s u l p h a t e .
These p u r i f i c a t i o n  s t e p s  have o f t e n  been v e r y  t e d i o u s  and t im e  
c onsum ing ,  r e q u i r i n g  s c r u p u l o u s l y  c l e a n  g l a s s w a r e ,  s o l v e n t s  o f  u l t r a  
h i g h  p u r i t y  and  work a r r a n g e m e n t s  t o  a c h i e v e  maximum s a f e t y  f o r  t h e  
r e s e a r c h e r s .  Many l a b o r a t o r i e s  have  a l t e r e d  t h e i r  p r o c e d u r e s  from 
t im e  t o  t im e  t o  a c h i e v e  b e t t e r  r e c o v e r i e s  on d i f f e r e n t  b i o l o g i c a l  
sam ples  and t o  s a v e  t i m e .  T e c h n iq u e s  which have  n o t  found wide a c c e p ­
t a n c e  i n  a n a l y s i s  o f  b i o l o g i c a l  s a m p le s  f o r  v o l a t i l e  n i t r o s a m i n e s  a r e :  
a d s o r p t i o n  on c h a r c o a l  ( 5 9 ) ,  f r a c t i o n a l  d i s t i l l a t i o n  ( 6 0 ) ,  p r e p a r a t i v e  
TLC ( 5 0 ) ,  f r e e z e  d r y i n g  ( 6 1 ) ,  and s e p a r a t i o n  on Sephadex ( 6 2 ) .
I d e n t i f i c a t i o n  and Q u a n t i t a t i o n
Most o f  t h e  i n i t i a l  work r e l i e d  on  TLC o r  p o l a r o g r a p h y  end 
p o i n t s  a s  a means o f  d e t e c t i o n  and q u a n t i t a t i o n .  TLC found wide 
a c c e p t a n c e  b e c a u s e  o f  i t s  s p e e d  and  s i m p l i c i t y  ( 4 6 ) .  D u P l e s s i s  and
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Nunn ( 4 6 )  r e p o r t e d  t h e  R f  v a l u e  o f  25 n i t r o s a m i n e s  u s i n g  a s o l v e n t  
s y s t e m  composed o f  v a r i o u s  r a t i o s  o f  n - h e x a n e / e t h e r / m e t h y l e n e  c h l o r i d e .  
S u p p o r t i n g  s y s t e m s  o f  s i l i c a  g e l ,  K i e s e l g u h r  o r  a luminum o x i d e  have 
been  u t i l i z e d .  S e v e r a l  s p r a y  r e a g e n t s  p r o d u c i n g  a v i s i b l e  s p o t  on 
c o n t a c t  became t h e  b a s i s  o f  i d e n t i f i c a t i o n .  However ,  none were 
s p e c i f i c  f o r  n i t r o s a m i n e s .  N i n h y d r in  ( 6 3 ) ,  G r i e s s  (64 )  and d i p h e n y l -  
amine p a l l a d i u m  c h l o r i d e  ( 6 5 ) ,  t h e  common s p r a y  r e a g e n t s ,  p roduced 
v i s i b l e  s p o t s  w i t h  d e g r a d a t i o n  p r o d u c t s  p roduced  by UV l i g h t .  S e v e r a l  
w o r k e rs  u s e d  a c o m b i n a t i o n  o f  t h e s e  s p r a y s  t o  a v o i d  i n t e r f e r e n c e  by 
c o n t a m i n a n t s  ( 6 0 ) .  At b e s t  t h e s e  methods  a r e  t o d a y  used  a s  a q u a l i ­
t a t i v e  means o f  i d e n t i f i c a t i o n  and e s t i m a t i o n  o f  n i t r o s a m i n e s .
W a l t e r s  et_ al_. ( 59 )  and o t h e r s  (66 )  have  d e t e c t e d  n i t r o s a m i n e s  
u s i n g  t h e  h a l f - w a v e  p o t e n t i a l  o f  t h e s e  compounds i n  a p o l a r o g r a p h i c  
t e c h n i q u e .  D u P l e s s i s  (46 )  p u b l i s h e d  t h e  h a l f - w a v e  p o t e n t i a l  o f  19 
n i t r o s o  compounds i n  f i v e  m ed ia .  T h i s  m ethod ,  a l t h o u g h  m o d i f i e d  by 
s e v e r a l  w o r k e r s  ( 5 9 ,  6 6 ) ,  i s  s u b j e c t  t o  i n t e r f e r e n c e  from many co n ­
t a m i n a n t s ,  e . g . ,  a l d e h y d e s  and p y r a z i n e s .
C o l o r i m e t r i c  d e t e r m i n a t i o n s  have been  d e v e l o p e d .  S e v e r a l  
t e c h n i q u e s  t r a p  t h e  n i t r o s o - g r o u p  which when c o u p le d  c h e m i c a l l y  p r o ­
duc e s  a h i g h l y  c o l o r e d  s t a b l e  d i a z o  complex t h a t  i s  q u a n t i t a t e d  
s p e c t r o p h o t o m e t r i c a l l y . Fan and Tannenbaum (67)  a u to m a te d  t h i s  s y s ­
tem.  A l th o u g h  t h e  s e n s i t i v i t y  i s  h i g h ,  no i n d i v i d u a l  i d e n t i f i c a t i o n  
can  be a c h i e v e d .
D e n i t r o s a t i o n  and r e d u c t i o n  o f  n i t r o s a m i n e s  c o u p le d  w i t h  
d e r i v a t i v e  f o r m a t i o n  o f  t h e  p a r e n t  amine o r  u n s y m m e t r i c a l  h y d r a z i r e  
have  been a c c o m p l i s h e d .  Ender  (68 )  and N e u r a t h  (69 )  have  d e t e r m i n e d  
n i t r o s a m i n e s  u s i n g  d e r i v a t i v e s  o f  h y d r a z i n e .  E i s e n b r a n d  (70 )  d e n i t r o -
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s a t e d  n i t r o s a m i n e s  and formed t h e  h e p t a f l u o r o b u t y r y l  c h l o r i d e  d e r i v a ­
t i v e s  o f  t h e  r e s u l t i n g  s e c o n d a r y  a m in e s .  I d e n t i f i c a t i o n  and q u a n t i t a ­
t i o n  ( 7 1 ,  72)  was a c h i e v e d  by u s i n g  g a s  l i q u i d  c h ro m a to g r a p h y  (GLC) a 
t e c h n i q u e  t h a t  has  been  w i d e l y  a p p l i e d  a s  a means o f  s e p a r a t i n g ,  i d e n ­
t i f y i n g  and  q u a n t i t a t i n g  n i t r o s a m i n e s .  However ,  t h e  s o l e  u se  o f  GLC 
even  w i t h  m u l t i p l e  l i q u i d  p h a s e s  on d i f f e r e n t  column s u p p o r t i n g  
m a t e r i a l  i s  i n s u x " f i c i e n t  f o r  a b s o l u t e  i d e n t i f i c a t i o n .  With the  
advancem en t  in  t e c h n o l o g y ,  GLC c o u p le d  t o  a mass s p e c t r o m e t e r  a l l o w s  
s i m u l t a n e o u s  q u a n t i t a t i o n ,  i d e n t i f i c a t i o n  and c o n f i r m a t i o n .  The 
GLC-mass s p e c t r o m e t r y  method i s  now r e c o g n i z e d  a s  t h e  most  r e l i a b l e  
d e t e c t i o n  method and a l l  o t h e r  methods s h o u ld  be c o n f i r m e d  by t h i s  
m ea ns .
The main a r e a s  o f  improvement  w i t h  t h e  GLC equ ip m en t  has  
been  in  s u p p r e s s i o n  o f  background  n o i s e  and i n t e r f e r i n g  peaks  accom­
p l i s h e d  t h r o u g h  s p e c i f i c  d e t e c t o r s .  Three  t y p e s  o f  d e t e c t o r s  a r e  now 
a v a i l a b l e  and t h e  p r i n c i p l e s  o f  o p e r a t i o n  o f  t h e s e  d e t e c t o r s  have been 
r ev ie w e d  ( 7 3 ) .  The d e t e c t o r s  a r e :  t h e  C ou l son  e l e c t r o l y t i c  con­
d u c t i v i t y  d e t e c t o r ,  a l k a l i  f l am e  i o n i z a t i o n  d e t e c t o r  and t h e  e l e c t r o n  
c a p t u r e  d e t e c t o r .  R e c e n t l y ,  Dooley (74 )  r e p o r t e d  t h e  f i r s t  con tam­
i n a t i o n  o f  t h e  mass s p e c t r o m e t e r  s y s te m  o f  a compound w i t h  t h e  i d e n ­
t i c a l  mass peak  a s  t h a t  o f  DMN.
The s e n s i t i v i t y  o f  most  o f  t h e s e  methods i s  i n ,  o r  a p p r o a c h e s ,  
t h e  low microgram p e r  k i l o g r a m  (ppb)  r a n g e .  S e v e r a l  new s e p a r a t i o n  
and d e t e c t i o n  s y s t e m s ,  e . g . ,  F i n e ' s  t h e r m a l  e n e r g y  a n a l y z e r  (TEA)
( 7 5 ) ,  ESR end p o i n t  d e t e c t i o n ,  and h i g h  p r e s s u r e  l i q u i d  ch ro m a to g ra p h y
( 7 6 )  c o u p le d  w i t h  a s e n s i t i v e  end p o i n t  d e t e c t o r  a p p e a r  t o  have  p o t e n ­
t i a l  a s  a means o f  i d e n t i f i c a t i o n  a l o n g  w i th  mass s p e c t r o m e t r y  c o n ­
f i r m a t i o n  .
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O c c u r r e n c e  o f  N i t r o s a m i n e s
E x p o s u re  o f  human b e i n g s  t o  n i t r o s a m i n e s  u t i l i z e d  i n  i n d u s t r y  
and t h e  p r e s e n c e  o f  n i t r o s a m i n e s  i n  foods  a r e  s e r i o u s ,  r e a l  and  p o t e n ­
t i a l  p r o b le m s .  N a t u r a l l y  o c c u r r i n g  n i t r o s a m i n e s ,  p r o d u c t i o n  o f  n i t r o ­
s a m ine s  t h r o u g h  p r o c e s s i n g ,  and f o r m a t i o n  o f  n i t r o s a m i n e s  i n  v i v o  from 
p r e c u r s o r s  may c o n t r i b u t e  t o  t h e  c o n t a m i n a t i o n  o f  t h e  b i o l o g i c a l  
e n v i r o n m e n t .
N a t u r a l l y  o c c u r r i n g  n i t r o s a m i n e s  a r e  r a r e .  There  have been 
t e n t a t i v e  r e p o r t s  o f  a n i t r o s a m i n e ,  N - n i t r o s o - 4 - m e t h y l a m i n o  b e n z a l -  
d e h y d e ,  found  i n  a s p e c i e s  o f  mushroom ( 7 7 ) .  D u P l e s s i s  (7 8 ) i d e n t i ­
f i e d  n i t r o s a m i n e s  i n  a f r u i t  f rom t h e  s p e c i e s  Solanum incanum grown 
and u se d  i n  Sou th  A f r i c a .  The e t i o l o g i c a l  a s p e c t s  o f  c a n c e r  i n  t h i s  
r e g i o n  s u p p o r t s  t h e  c o n c e p t  o f  a n a t u r a l l y  o c c u r r i n g  c a r c i n o g e n .
Only a few r e p o r t e d  f i n d i n g s  o f  n i t r o s a m i n e s  i n  raw and u n p r o c e s s e d  
f i s h  and meat  have  been made. In  v ivo  f o r m a t i o n  w i l l  be d i s c u s s e d  
i n  a n o t h e r  s e c t i o n .
P r o d u c t i o n  o f  n i t r o s a m i n e s  r e s u l t i n g  from p r o c e s s i n g  i s  
p r e s e n t l y  u n d e r  v i g o r o u s  i n v e s t i g a t i o n .  The p r e c u r s o r s  a r e  p r e s e n t  
and t h e  c h e m i c a l  c o n d i t i o n s  a r e  o f t e n  f a v o r a b l e  f o r  n i t r o s a t i o n .
Sen (79 )  h a s  co m p i le d  a l i s t  o f  t h e  r e p o r t e d  f i n d i n g s  o f  n i t r o s a m i n e s  
t h r o u g h  1972 .  T h i s  l i s t  a l s o  i n c l u d e s  t h e  p r o d u c t  from which t h e  
compound was i s o l a t e d ,  q u a n t i t y  p r e s e n t ,  i d e n t i f i c a t i o n  o f  t h e  com­
pound and t h e  l a b o r a t o r y  do ing  t h e  a n a l y s i s .  T h i s  summary c o v e r s  
f i s h  p r o d u c t s  and m e a l s ,  meat  and meat p r o d u c t s ,  and c h e e s e .  Excep t  
f o r  f i s h  m e a l s  and  s a m p le s  o f  s a l t - d r i e d  f i s h  which c o n t a i n e d  DMN i n  
t h e  ppm r a n g e ,  t h e  exam ples  c i t e d  were o f  fo o d s  c o n t a i n i n g  l e s s  t h a n  
80 ppb and most  be low 20 ppb o f  DMN o r  o t h e r  n i t r o s a m i n e s .
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More r e c e n t l y  Sen and  c o w o r k e r s  (80 )  r e p o r t e d  on t h e  p r e s e n c e  
o f  v o l a t i l e  n i t r o s a m i n e s  i n  197 c u r e d  meat  p r o d u c t s .  A n o t h e r s u r v e y  
on a p p r o x i m a t e l y  100 meat  p r o d u c t s  was p u b l i s h e d  i n  1974 ( 8 1 ) .  T h i s  
l i s t  i n c l u d e d  s e v e n t e e n  s a m p l e s  h a v in g  n i t r o s o p y r r o l i d i n e  (NPyr)  a t  
l e v e l s  o f  13 -105  ppb;  29 s a m p l e s  had 2 -35  ppb o f  DMN, and DEN was 
found  in  9 s a m p le s  a t  2 -35  ppb .  S i x t y - t w o  o f  t h e  100  samples  c o n t a i n ­
ed no t r a c e  o f  t h e  compounds.  C o n f i r m a t i o n  by mass s p e c t r o m e t r y  was 
pe r fo rm ed  on some o f  t h e  p o s i t i v e  c a s e s .
F a z i o  ( 8 2 ,  83)  ha s  r e p o r t e d  and  c o n f i r m e d  t h e  p r e s e n c e  o f  
DMN in  smoked n i t r a t e / n i t r i t e  t r e a t e d  f i s h  and from some meat  p r o d ­
u c t s .  F a z i o  (82 )  found NPyr i n  e i g h t  o u t  o f  e i g h t  s a m p le s  o f  cooked 
bacon  bu t  none i n  raw b a c o n .  The f a t  d r i p p i n g s  were a n a l y z e d  s e p a r ­
a t e l y  and were found  t o  c o n t a i n  e v e n  h i g h e r  l e v e l s .
The USDA meat  l a b o r a t o r y  h a s  a l s o  r e p o r t e d  p o s i t i v e  f i n d i n g s  
o f  DMN and NPyr in  some mea t  p r o d u c t s  ( 8 4 )  and f r i e d  bacon ( 8 5 ) .
Fong and  Chan ( 8 6 ) p u r c h a s e d  m ar in e  s a l t  c u r e d  f i s h  d i r e c t l y  
from Hong Kong m a r k e t s  and c o n f i r m e d  t h e  p r e s e n c e  o f  50-300 pnb o f  
DMN.
Sen and Dalpe  (60)  found no t r a c e  o f  v o l a t i l e  n i t r o s a m i n e s  in 
t h e  a l c o h o l i c  b e v e r a g e s  t e s t e d .  V e g e t a b l e s  have a l s o  been a s s a y e d  
w i t h  n e g a t i v e  r e s u l t s  ( 8 7 ,  8 8 ) .  R e c e n t l y  H e i s l e r  et_ a l .  ( 8 8 ) 
s e a r c h e d  f o r  n i t r o s a m i n e s  i n  s p i n a c h  and b e e t  sam ples  which had been 
" a b u s e d " .  A l l  s a m p le s  gave  n e g a t i v e  t e s t s  f o r  s i x  v o l a t i l e  n i t r o s ­
amines  even th o u g h  l e v e l s  o f  n i t r i t e  r e a c h e d  1000  ppm in one sample  
and many s a m p le s  c o n t a i n e d  n i t r a t e  o v e r  1500 ppm.
Milk and  m i lk  p r o d u c t s  have  n o t  shown any  p o s i t i v e  p r e s e n c e  
f o r  t h e s e  compounds a s  t e s t e d  by R e i n e c c i u s  and C o u l t e r  ( 8 9 ) .
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N i t r o s a m i n e s  have  b e e n  d i s c o v e r e d  i n  t o b a c c o  and t o b a c c o  
smoke c o n d e n s a t e s .  A n o n - v o l a t i l e  n i t r o s a m i n e ,  N’- n i t r o s o  n o r n i c o -  
t i n e ,  a p r o v e n  c a r c i n o g e n  i n  m ic e ,  was found  i n  unburned  t o b a c c o  a t  
t h e  l e v e l  o f  2000-88000  ppb by Hoffman elt a l .  ( 9 0 ) .  T h i s  compound 
o c c u r r e d  i n  c i g a r e t t e s ,  c i g a r s  and chewing  t o b a c c o s .  McCormick e t  a l .  
( 9 l )  and  o t h e r  i n v e s t i g a t o r s  (92 )  have  found s e v e r a l  v o l a t i l e  n i t r o ­
s a m in e s  i n  t o b a c c o  smoke c o n d e n s a t e s .  Tobaccos  grown i n  h i g h  n i t r o ­
gen s o i l s  y i e l d  h i g h e r  l e v e l s  o f  n i t r o s a m i n e s  i n  t h e i r  smoke c onden­
s a t e s  which  r e a c h  a l e v e l  o f  180 n g / c i g a r e t t e .  However ,  t h e  c o n d e n ­
s a t e  t r a p p i n g  p r o c e d u r e  may c a u s e  a r t i f a c t u a l  f o r m a t i o n  o f  n i t r o ­
s a m in e s  .
O c c u r r e n c e  o f  P r e c u r s o r s  o f  N i t r o s a m i n e s , S e c o n d a ry  Amines 
and O t h e r  Amino Compounds 
A l th o u g h  amino compounds a r e  u b i q u i t o u s  i n  l i v i n g  s y s t e m s ,  
f r e e  s e c o n d a r y  am ines  a r e  much l e s s  p r e v a l e n t  a n d ,  i f  p r e s e n t ,  o c c u r  
o n l y  i n  t r a c e  a m o u n t s .  E x t e n s i v e  s t u d i e s  on l e v e l s  and i d e n t i f i c a t i o n  
o f  f r e e  a m ines  have  n o t  been  co m p le te d  w i t h  t h e  e x c e p t i o n  o f  s u r v e y s  
o f  d i -  and  t r i - m e t h y l a m i n e s  and t r i m e t h y l a m i n e  o x i d e  (9 3 ) i n  v a r i o u s  
m a r in e  f i s h .  Gado id  f i s h e s ,  e . g . ,  h a k e ,  c o d ,  c u s k ,  e t c . ,  have been 
s t u d i e d  by C a s t e l l  e t  a l .  ( 94 )  and M i l l e r  e t  a l .  ( 9 5 ) .  E f f e c t s  o f  
s t o r a g e  i n  i c e  on l e v e l s  o f  DMA and TMA in  f r o z e n  f i l l e t s  i n d i c a t e s  
l a r g e  amounts  o f  t h e s e  compounds can  be g e n e r a t e d  r e a c h i n g  l e v e l s  o f  
400 ppm. T r im e th y l a m i n e  o x id e  c o n t e n t  i n  t u n a ,  which i s  t h o u g h t  t o  
be t h e  p r e c u r s o r  t o  DMA, i n  f i s h  was s t u d i e d  by Yamagata c t  a l .  ( 96 )  
and Dyer  et_ a l .  (97 )
S e v e r a l  r e s e a r c h e r s ,  I t o  e t  a l .  ( 98 )  Kawamura e t  a l .  ( 9 9  )
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d e t e r m i n e d  t h e  o c c u r r e n c e  o f  s e c o n d a r y  am ines  i n  c om m e rc ia l  f o o d s .  A 
c o m p a r a t i v e  s u r v e y  on l e v e l s  o f  am ines  i n  raw f o o d s  and  cooked  o r  
p r o c e s s e d  f o o d s  was p e r f o r m e d .  V a r i a t i o n  i n  r o a s t i n g  o r  c o o k in g  t i m e s  
and  t h e  e f f e c t  on l e v e l s  o f  amines  was a l s o  e s t a b l i s h e d .  M i l l e r  
e t  a l . ( 1 0 0 ) d e t e r m i n e d  m e th y la m in e s  i n  f i s h  p r o t e i n  c o n c e n t r a t e  and 
found  5 -10  ppm o f  TMA and 25-150  ppm o f  DMA. Waste w a t e r  f rom i n d u s ­
t r i a l  p r o c e s s e s  was s t u d i e d  f o r  t h e  p r e s e n c e  o f  d i m e th y l a m i n e  (1 0 1 ) 
and amine  l e v e l s  r e a c h i n g  158 mg o f  DMA p e r  l i t e r  were fo u n d .
Many amino compounds can  y i e l d  s e c o n d a r y  am ines  and t h e n  
g e n e r a t e  v o l a t i l e  n i t r o s a m i n e s .  F o r  e x a m p le ,  p o ly a m in e s  and d i a ­
mines  have been found  i n  many o r g a n i s m s  ( 1 0 2 ) .  These  compounds 
u n d e r  c o n d i t i o n s  o f  h e a t i n g  can  p roduce  p y r r o l i d i n e  and  p i p e r i d i n e ,  
c y c l i c  a l p h a t i c  s e c o n d a r y  amines  ( l 0 3 ) .  S p i n e l l i  e t  a l .  (104)  i d e n t i ­
f i e d  and q u a n t i t a t e d  s e v e r a l  o f  t h e s e  p o lyam ine s  and d i a m in e s  a l o n g  
w i th  o t h e r  amines  i n  p r o c e s s e d  and u n p r o c e s s e d  p o r k .  L e v e l s  were no t  
s i g n i f i c a n t l y  a l t e r e d  in  p r o c e s s i n g  and r an g e d  from 0 .1 2  mg t o  9 .1  
mg/ 1 0 0  g o f  t i s s u e .
P l a n t s  do n o t  c o n t a i n  h i g h  l e v e l s  o f  f r e e  a l i p h a t i c  a m i n e s .  
However,  many s p e c i e s  have  h i g h  l e v e l s  o f  h e t e r o c y c l i c  n i t r o g e n  
compounds c a l l e d  a l k a l o i d s .  Many o f  t h e s e  a l k a l o i d s  have p i p e r i d i n e ,  
m o rp h o l in e  o r  p y r r o l i d i n e  n u c l e i  w i t h i n  t h e i r  c h e m i c a l  s t r u c t u r e s  
( 1 0 5 ,  1 0 6 ) .  However ,  embryos o f  c e r e a l  c r o p s  a c c o r d i n g  t o  Moruzz i  
and C a l d a r e r a  (107 )  c o n t a i n  p o l y a m in e s .
N i t r a t e , N i t r i t e s  and O t h e r  O x ides  o f  N i t r o g e n
N i t r a t e s ,  n i t r i t e  and o t h e r  o x i d e s  o f  n i t r o g e n  c o n s t i t u t e  
t h e  second  p o t e n t i a l  r e a c t a n t  r e q u i r e d  f o r  s y n t h e s i s  o f  n i t r o s a m i n e s .
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A l th o u g h  t h e  o c c u r r e n c e  o f  t h e s e  compounds i s  u n i v e r s a l ,  t h e  m a n i p u la ­
t i o n ,  t o  some e x t e n t ,  o f  t h e i r  l e v e l s  can more e a s i l y  be c o n t r o l l e d  by 
man t h a n  l e v e l s  o f  amino compounds.
V a r i o u s  n i t r o g e n  o x i d e s  a r e  p roduced  upon c o m b u s t io n  o f  f o s s i l  
f u e l s .  L e v e l s  o f  n i t r i c  and n i t r o u s  o x i d e ,  t h e  l a r g e s t  n i t r o g e n  
p r o d u c t s  o f  c o m b u s t io n ,  a r e  1 ppm and  0 . 5  ppm/M^ r e s p e c t i v e l y  ( 1 0 8 ) ,  
and  can  r e a c h  much h i g h e r  l e v e l s  i n  t h e  a tm o s p h e r e  o v e r  i n d u s t r i a l  
c e n t e r s  u n d e r  v a r i o u s  e n v i r o n m e n t a l  c o n d i t i o n s ,  e . g . ,  smog ( 1 0 9 ) .
N i t r a t e ,  t h e  h i g h e s t  o x i d a t i o n  s t a t e  o f  n i t r o g e n ,  i s  v e ry  
s t a b l e  and i s  t h e  form t h a t  a c c u m u l a t e s  i n  t h e  e n v i r o n m e n t .  N i t r a t e  
p e r  s e , i s  n o n - t o x i c  t o  man and i s  no t  a c h e m i c a l  r e a c t a n t  i n  t h e  
f o r m a t i o n  o f  n i t r o s a m i n e s .  However,  r e d u c t i o n  t o  n i t r i t e ,  e i t h e r  
p r i o r  or  a f t e r  i n j e s t i o n ,  c a n  p ro d u ce  a c u t e  t o x i c  symptoms and h o l d s  
t h e  p o t e n t i a l  f o r  t h e  f o r m a t i o n  o f  n i t r o s a m i n e s .  Many s u r v e y s  i n d i c a t e  
o n l y  low l e v e l s  o f  n i t r i t e  e x i s t ,  b u t  t h e  c o n t r a r y  i s  o f t e n  t h e  c a s e  
f o r  n i t r a t e .  The w a t e r  s u p p l y ,  s p e c i f i c  v e g e t a b l e s ,  and a v a r i e t y  o f  
p r o c e s s e d  fo o d s  a r e  t h e  m a jo r  s o u r c e s  o f  o u r  n i t r a t e  i n t a k e .  W i th in  
t h e  p l a n t  kingdom n i t r a t e  i s  t h e  main form from which a n i t r o g e n  
s u p p l y  i s  d e r i v e d .  Many p l a n t s  q u i c k l y  r e d u c e  n i t r a t e  i n t o  a form 
which i s  t h e n  i n c o r p o r a t e d  i n t o  complex b i o l o g i c a l  m o l e c u l e s .  N eve r ­
t h e l e s s ,  some p l a n t s  c a n  a c c u m u la t e  h i g h  l e v e l s  o f  n i t r a t e  in  v a r i o u s  
t i s s u e s .  N i t r a t e  l e v e l s  i n  f r u i t  a r e  u s u a l l y  low w h i l e  l e a v e s ,  s t e m s ,  
and t u b e r s  o f  p l a n t s ,  e . g . ,  s p i n a c h ,  r a d i s h ,  l e t t u c e ,  b e e t ,  e t c .  co n ­
t a i n  h i g h e r  l e v e l s .  F o ra g e  c r o p s  used  a s  a n i m a l  f e e d s  can  a c c u m u la t e  
n i t r a t e .  F a c t o r s  c o n t r i b u t i n g  t o  n i t r a t e  c o n t e n t  o f  p l a n t s  a r e :  
g e n e t i c ,  e n v i r o n m e n t a l  and s t a g e  o f  m a t u r i t y .  Su rv e y s  ( 1 1 0 ,  111)  on
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v e g e t a b l e s  and  v e g e t a b l e  p r o d u c t s ,  e . g . ,  ba by  f o o d ;  i n d i c a t e  l e v e l s  
c a n  r e a c h  o v e r  1000  ppm and a r e  s t i l l  f i t  f o r  human c o n s u m p t io n  ( 8 8 ) .  
Animal  and human p o i s o n i n g s  a t t r i b u t e d  t o  h i g h  n i t r a t e  i n t a k e  have  
b een  r e p o r t e d  and r e v i e w e d  by F a s s e t t  ( 1 1 2 ) .
Water  i s  a n o t h e r  medium which can  be c o n t a m i n a t e d  w i t h  h i g h  
l e v e l s  o f  n i t r a t e ,  p a r t i c u l a r l y  s h a l l o w  w e l l s ,  commonly found  i n  r u r a l  
a r e a s  ( 1 1 3 ) .  E n t r a n c e  o f  n i t r a t e  i n  w a t e r  c a n  be g a i n e d  b e c a u s e  o f  
i t s  m o b i l i t y  i n  s o i l  and s o l u b i l i t y  i n  w a t e r .  S o u r c e s  o f  t h i s  io n  a r e :  
n a t u r a l  d e p o s i t s ,  a g r i c u l t u r a l  a p p l i c a t i o n ,  n i t r o g e n  f i x a t i o n  by 
p l a n t s  and m i c r o o r g a n i s m s ,  human and a n i m a l  e x c r e t i o n s .
N i t r a t e  l e v e l s  c a n  unde rgo  r a p i d  and s h o r t  t e r m  c h a n g e s  which 
makes m o n i t o r i n g  d i f f i c u l t .  H e a l t h  o f f i c i a l s  have s e t  l i m i t s  on t h e  
maximum amount  o f  n i t r a t e  a l l o w e d  i n  p o t a b l e  w a t e r  s u p p l i e s  a t  45 ppm 
o f  t h e  n i t r a t e  io n  ( 1 1 4 ) .  The World H e a l t h  O r g a n i z a t i o n  recommends a 
d a i l y  i n t a k e  l e v e l  f o r  a d u l t s  n o t  t o  ex c ee d  5 mg/kg o f  n i t r a t e  and 
0 . 4  mg/kg o f  n i t r i t e  ( 1 1 5 ) .
N i t r a t e  and  n i t r i t e  and t h e i r  c u r i n g  p r o p e r t i e s  a s  an a d d i t i v e  
i n  p r o c e s s i n g  o f  meat and f i s h  p r o d u c t s  and  i n  some c o u n t r i e s  i n  
c h e e s e  p r o d u c t i o n  ( n o t  U . S . )  h a s  r e c e n t l y  been r e v i e w e d  ( 1 1 6 ) .
T h e i r  r o l e  i n  t h e s e  p r o c e s s e s  i s  s t i l l  o b s c u r e .  R e p o r t s  ( 1 1 7 )  i n d i ­
c a t e  n i t r a t e  a l o n e  i s  n o t  b a c t e r i o s t a t i c  and i t s  r o l e  a s  a r e s e r v e  
f o r  n i t r i t e  p r o d u c t i o n  may a l s o  be q u e s t i o n e d .  However ,  by r e g u l a ­
t i o n  3 . 5  oz o f  sodium o r  p o t a s s i u m  n i t r a t e  p e r  100 l b s  o f  meat  f o r  
d r y  c u r e  and 2 . 7 5  oz /1 0 0  l b s  o f  chopped  meat o r  mea t  b y - p r o d u c t s  a r e  
a l l o w e d  (118 ) .
N i t r i t e ,  t h e  a g e n t  d i r e c t l y  r e s p o n s i b l e  f o r  a c u t e  t o x i c i t y  
r e s u l t i n g  from r e d u c t i o n  o f  h i g h  n i t r a t e  l e v e l s  i n j e s t e d ,  r e a c t s  w i th
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t h e  oxygen  c a r r y i n g  b l o o d  p r o t e i n ,  h e m o g lo b in .  The i r o n  i n  t h i s  com­
p l e x  i s  o x i d i z e d  f o r m in g  m e th e m o g lo b in .  Thus t h e  hem og lob in  complex 
no l o n g e r  c a n  f u n c t i o n  a s  a n  oxygen c a r r i e r  and i f  e x t e n s i v e  l e v e l s  o f  
m e them oglob in  o c c u r  t o x i c  symptoms w i l l  a p p e a r  i n  t h e  o r g a n i s m .
S i n c e  19 2 5 ,  n i t r i t e  h a s  been  a l l o w e d  a s  a n  a d d i t i v e  i n  t h e  
c u r i n g  o f  m e a t s .  The a c t i o n  o f  n i t r i t e  i s  f o u r f o l d  i n  t h i s  p r o c e s s ;  
p r o d u c i n g  c o l o r a t i o n ,  c u r e d  f l a v o r ,  s t a b i l i t y  and a n t i b a c t e r i a l  
a c t i v i t y .  With t h e  i n c r e a s e d  u s e  o f  r e f r i g e r a t i o n ,  t h e  need f o r  p r e s ­
e r v a t i o n  o f  mea ts  h a s  d e c r e a s e d .  New a g e n t s  which m ig h t  c o n t r i b u t e  t o  
t h e  f l a v o r  and  c o l o r a t i o n ,  s h e l f - l i f e  and s t a b i l i t y  o f  t h e s e  p r o c e s s e d  
meat p r o d u c t s  a r e  b e i n g  r e v i e w e d  ( 1 1 9 ,  1 2 0 ) .  O t h e r  s t u d i e s  a r e  u n d e r ­
way t o  a s c e r t a i n  i f  l o w e r  l e v e l s  o f  t h e s e  a d d i t i v e s  w i l l  p roduce  
e f f e c t i v e  b a c t e r i o s t a t i c  a c t i o n  a s  migh t  be i n d i c a t e d .
I n  V i t r o  F o r m a t io n  o f  N i t r o s a m i n e s
Drucke ry  e t  a l .  ( 121 )  f i r s t  made t h e  s u g g e s t i o n  t h a t  c o n d i t i o n s  
i n  t h e  human s tom ach  m igh t  be c o n d u c iv e  t o  t h e  f o r m a t i o n  o f  n i t r o s ­
amines  i n  t h e  p r e s e n c e  o f  b o th  n i t r i t e  and s e c o n d a r y  a m i n e s .  S a n d e rs  
(1 2 2 ) was t h e  f i r s t  t o  d e m o n s t r a t e  f o r m a t i o n  o f  n i t r o s a m i n e s  i n  g a s ­
t r i c  j u i c e  upon a d d i t i o n  o f  t h e  p r e c u r s o r s .  Ridd ( 3 7 )  ha s  e x t e n s i v e l y  
s t u d i e d  t h e  c h e m i s t r y  o f  n i t r o s a t i o n ,  d e a m i n a t i o n  and d i a z o  r e a c t i o n s .  
The a c t  o f  n i t r o s a t i o n  a p p e a r s  t o  be t h e  f i r s t  s t e p  i n  t h e  r e a c t i o n  o f  
amino g r o u p s  w i t h  a n i t r o s a t i n g  a g e n t .  The u l t i m a t e  r e a c t i o n  p r o d u c t s  
a r e  d e t e r m i n e d  in  t h e  c h e m i s t r y  o f  t h e  n i t r o s a t e d  i n t e r m e d i a t e  and 
c o n d i t i o n s  employed ( 1 2 3 ) .
M i r v i s h  ( 1 2 4 ) ,  u s i n g  t r i t i u m  l a b e l e d  DMA, i n v e s t i g a t e d  t h e  
k i n e t i c s  o f  n i t r o s a t i o n  f o r  t h i s  a m in e .  The r e a c t i o n  r a t e  depends  on
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t h r e e  f a c t o r s ;  pH, c o n c e n t r a t i o n  o f  t h e  a m i n e ,  and  t h e  s q u a r e  o f  t h e  
n i t r o u s  a c i d  c o n c e n t r a t i o n .  The opt imum pH f o r  DMA n i t r o s a t i o n  was 
3 . 4
Based on t h i s  t y p e  o f  d a t a ,  many i n v e s t i g a t i o n s  have been 
p e r f o r m e d  on v a r i o u s  s y s t e m s ,  e . g . ,  p h y s i o l o g i c a l ,  food  s y s t e m s  and 
s y n t h e t i c  c h e m i c a l  m ed ia .  Most  e x p e r i m e n t a l  p r o t o c o l s  have  used  h i g h  
c o n c e n t r a t i o n s  o f  one o r  b o t h  p r e c u r s o r s .
E n d e r  and  Ceh (125 )  s t u d i e d  t h e  f o r m a t i o n  o f  DMN o v e r  a wide 
r a n g e  o f  c o n d i t i o n s  i n  an  a t t e m p t  t o  d e t e r m i n e  t h e  most  f a v o r a b l e  
c o n d i t i o n s  f o r  n i t r o s a t i o n  i n  food  p r o d u c t s .
G a s t r i c  j u i c e  f rom many mammalian s tom achs  has  been  u t i l i z e d  
a s  t h e  medium f o r  t h e  n i t r o s a t i o n  o f  a m i n e s .  Sen e t  a l .  ( 56 )  removed 
g a s t r i c  s o l u t i o n s  from r a b b i t s ,  r a t s ,  c a t s ,  dogs  and humans t o  which 
was added  d i e t h y l a m i n e  and sodium  n i t r i t e .  L a r g e r  c o n c e n t r a t i o n s  o f  
DEN were d e t e c t e d  a t  a pH o f  1 -2  t h a n  a t  pH 4 - 5 .  R e c e n t l y  Lane e t  a l .  
(126 )  a p p l i e d  a s e n s i t i v e  d e t e c t i o n  method f o r  n i t r o s a m i n e s  t o  i n  
v i t r o  e x p e r i m e n t s  i n  g a s t r i c  j u i c e .  F o r m a t io n  o f  DMN o c c u r r e d  w i t h  
l e v e l s  o f  p r e c u r s o r s  c o m p a r a b le  t o  c o n c e n t r a t i o n s  e x p e c t e d  t o  e x i s t  
p h y s i o l o g i c a l l y .  The opt imum pH was 2 . 5
Huxe l  et_ al_. ( l 2 7 ) ,  u s i n g  e l e v a t e d  t e m p e r a t u r e s ,  formed NPyr 
from v a r i o u s  p y r r o l i d i n e  n u c l e i - c o n t a i n i n g  compounds a f t e r  B i l l s  (128)  
r e p o r t e d  t h a t  N - n i t r o s o p r o l i n e ,  p r o l i n e ,  and o t h e r  s t r a i g h t  c h a i n  
d i a m in e s  c o u l d  a l s o  be p o t e n t i a l  p r e c u r s o r s  f o r  NPyr .  L i j i n s k y  
e t  a l .  (129)  n o t  o n l y  found  t h a t  h i g h  y i e l d s  o f  n i t r o s o - d e r i v a t i v e s  
were formed from v a r i o u s  amino a c i d  compounds u nde r  c o n d i t i o n s  s i m i ­
l a r  t o  t h o s e  e x i s t i n g  in  t h e  mammalian s to m a c h ,  bu t  d e c a r b o x y l a t i o n  
c o u l d  t a k e  p l a c e  fo rm in g  p o t e n t  c a r c i n o g e n i c  d i a l k y l n i t r o s a m i n e s .
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A r c h e r  e t  a l .  (130)  worked w i t h  s i m i l a r  compounds and  o b t a i n e d  s i m i l a r  
r e s u l t s .
The USDA and  FDA l a b o r a t o r i e s  i n  t h i s  c o u n t r y  and  S e n ’s  g ro u p  
i n  Canada have  been  i n v e s t i g a t i n g  c o n d i t i o n s  o f  n i t r o s a m i n e  f o r m a t i o n  
i n  food  p r o c e s s i n g .  Both g r o u p s  have  s t u d i e d  t h e  e f f e c t  o f  NaNC^, 
used  a s  an  a d d i t i v e  i n  p r o c e s s i n g ,  i n  t h e  p r o d u c t i o n  o f  v o l a t i l e  
n i t r o s o  compounds w i t h i n  v a r i o u s  m a t r i c e s ,  e . g . ,  bacon  ( l 3l ) ,  c u r i n g  
m i x t u r e  ( 1 3 2 ) ,  f i s h  (54 )  and  meat  p r o d u c t s  ( l 3 3 ) .  A l th o u g h  t h e  
a p p l i e d  c o n d i t i o n s  v a r i e d ,  f o r m a t i o n  o f  DMN, NPIP and NPyr have been  
d e m o n s t r a t e d  w i t h o u t  a d d i t i o n  o f  t h e  amine p r e c u r s o r .  Gray  and Dugan 
(134 )  i n v e s t i g a t e d  p a r a m e t e r s  i n  a low m o i s t u r e  s y s te m  on t h e  s y n t h e ­
s i s  o f  n i t r o s a m i n e .
Commonly employed a g r i c u l t u r a l  c h e m i c a l s ,  e . g . ,  i n s e c t i c i d e s  
and f u n g i c i d e s  have  been  r e a c t e d  w i t h  n i t r i t e  i n  m ild  a c i d i c  con­
d i t i o n s  and f o r m a t i o n  o f  d i a l k y l n i t r o s a m i n e s  has  r e s u l t e d  ( 1 3 5 ) .
Many o f  t h e s e  a g r i - c h e m i c a l s  a r e  t e r t i a r y  amino compounds,  e . g . ,  
a l k y l u r e a s  and  a l k y l c a r b a m i c  a c i d s .
Some m e d i c i n a l  compounds c o n t a i n  s e c o n d a r y  and t e r t i a r y  am ino-  
g r o u p s .  L i j i n s k y  e t  a l .  ( 136 )  found  t h a t  a d d i t i o n  o f  n i t r i t e  t o  s i x  
d r u g s  p roduced  m e a s u r a b l e  y i e l d s  o f  n i t r o s a m i n e s  o f  0.1% t o  73% o f  t h e  
e x p e c t e d  t h e o r e t i c a l  y i e l d .  The a n a l g e s i c  d r u g ,  a m in o p y r e n e ,  c o n s i s ­
t e n t l y  p roduced  y i e l d s  o f  31 t o  73% a f t e r  i n c u b a t i o n  f o r  3 -4  hou rs  
a t  37°C u n d e r  v a r y i n g  c o n d i t i o n s  o f  pH and n i t r i t e  c o n c e n t r a t i o n .  The 
a n t i b i o t i c  o x y t e t r a c y c l i n e ,  was a l s o  a p r e c u r s o r  i n  t h e  s y n t h e s i s  o f  
n i t r o s a m i n e s ;  DMN was t h e  p r o d u c t  i n  ea ch  i n s t a n c e  o f  n i t r o s a t i o n  o f  
t h e  p r e c u r s o r  d r u g .
A n o t h e r  a s p e c t  o f  i n  v i t r o  s y n t h e s i s  o f  n i t r o s a m i n e s  h a s  been
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d e m o n s t r a t e d  i n  b a c t e r i a l  c u l t u r e s .  The d a t a  t h u s  f a r  o b t a i n e d  i n ­
d i c a t e s  b o t h  nonenzymic  (137 )  and enzymic  (138)  p r o c e s s e s  may r e s u l t  
i n  t h e  f o r m a t i o n  o f  n i t r o s o - c o m p o u n d s .
I n v e s t i g a t i o n s  on t h e  e f f e c t  o f  c a t a l y s t  and i n h i b i t o r s  o f  
n i t r o s a t i o n  a r e  b e in g  examined  i n  v i t r o . H a l id e  i o n s  and t h i o c y a n a t e  
enhance  n i t r o s a t i o n  a t  r a t h e r  low c o n c e n t r a t i o n s .  T h i o c y a n a t e  i o n ,  a 
normal  c o n s t i t u e n t  o f  human s a l i v a ,  i s  found in  e l e v a t e d  amounts  i n  
s a l i v a  o f  smokers  when compared t o  non-sm okers  ( 1 3 9 ) .  Normal  l e v e l s  
a r e  0 . 1  t o  0 . 5  mM and l e v e l s  found i n  s m o k e r ' s  s a l i v a  a r e  r a i s e d  5 t o  
10  t i m e s  t h e  normal  l eve l - .
Ridd et_ a l .  (37 )  have  shown t h e  o r d e r  o f  enhancement  r e s u l t ­
ing  i n  t h e  i n c r e a s e d  r a t e  o f  n i t r o s a t i o n  o f  h a l i d e  i o n s  i s ;  I ” , B r " ,  
C l ” . Boyland (139)  d e s c r i b e s  t h e  a c t i v i t y  o f  t h i o c y a n a t e  t o  be i n  
t h e  o r d e r  o f  t h e  i o d i d e  io n  a s  a c a t a l y s t  i n  t h e  n i t r o s a t i o n  r e a c t i o n .  
Fan and Tannenbaum (140)  e x p l o r e d  f a c t o r s  i n f l u e n c i n g  f o r m a t i o n  o f  
n i t r o s o m o r p h o l i n e  i n c l u d i n g  a c c e l e r a t i o n  by a n i o n s .  K e e f e r  (39 )  
r e c e n t l y  r e p o r t e d  t h a t  fo rm a ld e h y d e  a c t e d  d i r e c t l y  t o  i n c r e a s e  n i t r o ­
s a t i o n  a t  n e u t r a l  and a l k a l i n e  pH v a l u e s .
A l th o u g h  i n h i b i t i o n  by p r im a ry  amino g ro u p s  o f f e r s  t h e  g r e a t ­
e s t  p o t e n t i a l  i n  p r e v e n t i n g  n i t r o s a t i o n  o f  s e c o n d a r y  and t e r t i a r y  
amines  o n l y  r e c e n t l y  h a s  t h i s  been i n v e s t i g a t e d  s i n c e  t h e  work o f  
T a y l o r  and P r i c e  i n  1929 ( 1 4 1 ) .  Lane e t  a l. .  (126)  u s i n g  s y n t h e t i c  
g a s t r i c  j u i c e  a s  a media  o b s e r v e d  t h a t  g l y c i n e  competed  f o r  n i t r i t e  
t h e r e f o r e  l o w e r i n g  t h e  p r o d u c t i o n  o f  DMN.
A s c o r b i c  a c i d ,  sodium a s c o r b a t e  and sodium e r t h y r o b a t e  have 
been  shown t o  i n h i b i t  n i t r o s a t i o n .  Dahn (142)  s t u d i e d  t h e  r e a c t i o n  
o f  n i t r o u s  a c i d  and a s c r o b i c  a c i d  and d e t e r m i n e d  t h e  p r o d u c t s  t o  be
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n i t r i c  o x i d e  and  d e h y d r o a s c o r b i c  a c i d .  M i r v i s c h  e t  a l .  (143)  and 
Kamm e t  a l .  ( 144 )  have  d e m o n s t r a t e d  iin v i t r o  i n h i b i t i o n  u s i n g  a s c o r -  
b a t e  a s  a n  a d d i t i v e  i n  n i t r o s a t i o n  c o n d i t i o n s .
I n  Vivo  F o r m a t io n  o f  N i t r o s a m i n e s  
E v id e n c e  i s  a c c u m u l a t i n g  s u g g e s t i n g  t h a t  n i t r o s a m i n e s  a r e  a 
m a jo r  c l a s s  o f  human c a r c i n o g e n s .  The c o r r e l a t i o n  o f  in  v iv o  tum or  
p r o d u c t i o n  r e s u l t i n g  from t h e  i n c o r p o r a t i o n  o f  s e c o n d a r y  amines  and 
sodium  n i t r i t e  i n  f e e d i n g  e x p e r i m e n t s  i s  good i n  c o m p a r i s o n  w i t h  t h e  
a c t u a l  a d m i n i s t r a t i o n  o f  t h e  n i t r o s o - c o m p o u n d  i t s e l f .  S a n d e r s  and 
S c h w e in s b e r g  (145 )  a l s o  r e p o r t ,  "  t h e  r e s u l t s  o f  t h e  i_n v iv o  e x p e r i ­
ments  a g r e e  v e r y  w e l l  w i t h  t h o s e  o b t a i n e d  i n  v i t r o ,  i . e . ,  tumors  
were i n d u ce d  by compounds t h a t  were e a s i l y  n i t r o s a t e d  in  v i t r o  and 
were no t  in d u c e d  by t h o s e  amines t h a t  were no t  n i t r o s a t e d  i n  v i t r o . "
S t u d i e s  o f  c e r t a i n  l o c a l e s  o f  A f r i c a ,  A s ia  and Sou th  America 
i n d i c a t e  e n v i r o n m e n t a l  a g e n t s  may be r e s p o n s i b l e  f o r  t h e  h igh  i n c i d ­
e n c e  o f  s p e c i f i c  t y p e s  o f  c a n c e r  i n  t h e s e  a r e a s .  N i t r o s a m i n e s  have 
been  i m p l i c a t e d  e s p e c i a l l y  i n  T r a n s k e i  s e c t i o n  o f  Sou th  A f r i c a  anu 
p a r t i c u l a r l y  w i t h  t h e  Bantu  p e o p l e  (146)  .
S a n d e r s  e t  a l .  (147)  p e r f o r m e d  e x p e r i m e n t s  o f  i n t r a g a s t r i c  
f e e d i n g  o f  t h i r t y  one humans w i th  sodium n i t r a t e  and  d i p h e n y l a m i n e .  
N i t r o s o d i p h e n y l a m i n e  was fo rm e d .  Numerous e x p e r i m e n t s  have shown 
i n  v i v o  f o r m a t i o n  o f  n i t r o s a m i n e s  in  a n i m a l s .  No t h r e s h o l d  l i m i t s  
have  been  e s t a b l i s h e d  f o r  humans.
O b j e c t i v e s  Achieved  in  T h e s i s  R e s e a r c h  
R e p o r t e d  i n  t h i s  work i s  t h e  d e v e lo p m e n t  o f  a n  i n d i r e c t  
method f o r  t h e  d e t e c t i o n  o f  N - n i t r o s a m i n e s . The method p e r m i t s  t h e
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i d e n t i f i c a t i o n  and  q u a n t i t a t i o n  o f  t h e  n i t r o s a m i n e s  t h r o u g h  t h e  
d e r i v a t i z a t i o n  o f  t h e  amine  p r o d u c t s  i n t o  h i g h l y  f l u o r e s c e n t  com­
p o u n d s .  T h i s  method o f  a n a l y s i s  was a p p l i e d  t o  a s u r v e y  o f  s e a f o o d  
f o r  t h e  p r e s e n c e  o f  v o l a t i l e  N - n i t r o s a m i n e s .
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METHODS AND MATERIALS
P h o t o l y s i s  o f  N i t r o s a m i n e s  
An u l t r a v i o l e t  l i g h t  i r r a d i a t i n g  chamber  was b u i l t  o u t  o f  
in c h  plywood w i t h  o u t s i d e  d i m e n s io n s  o f  1 0 " h i g h  x 2 1 " long  x 1 1 " wide .  
Two s y l v a n i a  G15T8 s h o r t  wave 18"  lamps  were i n s t a l l e d  i n  t h e  t o p  o f  
t h e  box and c o n t r o l l e d  by a two p o s i t i o n  t o g g l e  s w i t c h .  T h i s  chamber 
a l s o  f u n c t i o n e d  a s  a d e t o x i f y i n g  a r e a  f o r  unused  a queous  n i t r o s a m i n e  
s o l u t i o n s .
N i t r o s o - G r o u p  D e t e r m i n a t i o n  
N i t r o s a m i n e  sam ples  were p i p e t t e d  i n t o  20 ml g l a s s  b e a k e r s  
f o l l o w e d  by t h e  a d d i t i o n  o f  0 .5  ml o f  0.5% Na^COg. The t o t a l  volume 
was a d j u s t e d  t o  1 . 0  ml w i th  d i s t i l l e d  w a t e r .  The sam ples  were p l a c e d  
i n  a pan c o n t a i n i n g  c r u s h e d  i c e  in  t h e  U.V. chamber .  The b e a k e r s  were 
a l i g n e d  so t h a t  t h e y  were d i r e c t l y  below t h e  l i g h t  s o u r c e  and t h e  
sam p les  were i r r a d i a t e d  f o r  15 m i n u t e s .  Q u a n t i t a t i o n  o f  t h e  d e n i t r o -  
s a t i o n  p r o c e s s  was a c c o m p l i s h e d  by t h e  f o r m a t i o n  o f  a c o l o r e d  d i a z o  
compound r e s u l t i n g  from t h e  a d d i t i o n  o f  t h e  G r i e s s - I l o s v a y  r e a g e n t .
T h i s  r e a g e n t  was f r e s h l y  p r e p a r e d  from a 1 : 1  m i x t u r e  o f  1% s u l f a n i l i c  
a c i d  i n  30% a c e t i c  a c i d ,  and 0.1% 1 - n a p h t h y l a m i n e  in  30% a c e t i c  a c i d .  
3 . 0  ml o f  t h e  G r i e s s - I l o s v a y  r e a g e n t  was added  t o  e a c h  sample  and t h e  
t o t a l  volume a d j u s t e d  t o  5 . 0  ml w i t h  d i s t i l l e d  w a t e r .  A f t e r  15 min­
u t e s  o f  deve lopm en t  i n  t h e  d a rk  a t  room t e m p e r a t u r e ,  t h e  samples  
were r e a d  a t  525 nm i n  a Bausch and Lomb S p e c t r o n i c  20 c o l o r i m e t e r  
and q u a n t i t a t e d  by r e f e r e n c e  t o  a s t a n d a r d  c u r v e  p r e p a r e d  w i t h  known 
c o n c e n t r a t i o n s  o f  NaNC^.
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Amine D e t e r m i n a t i o n  
The p h o t o l y s i s  p r o c e d u r e  was t h e  same a s  p r e v i o u s l y  d e s c r i b e d .  
However ,  t h e  pH o f  t h e  sample  was m a i n t a i n e d  be low n e u t r a l i t y  by t h e  
a d d i t i o n  o f  0 .01NH C1 o r  pH 5 . 0  sodium a c e t a t e  b u f f e r .  The t o t a l  v o l ­
ume was 0 . 5  ml o r  l e s s .  An a l i q u o t  r e p r e s e n t i n g  o n e - h a l f  o f  t h e  
sample  was w i th d ra w n ,  a f t e r  i r r a d i a t i o n  had t a k e n  p l a c e ,  and r e a c t e d  
w i t h  t h e  f l u o r e s c e n c e  r e a g e n t , 5 - d i m e t h y l a m i n o n a p h t h a l e n e - l - s u l f o n y l  
c h l o r i d e ,  ( d a n s y l - G l  f rom P i e r c e  Chem ica l  Company). The f l u o r e s c e n c e  
p r o c e d u r e  a s  d e s c r i b e d  by S e i l e r  and  Wiechman ( 1 4 8 )  and a s  m o d i f i e d  by 
Dion and H e r b s t  (149)  was f o l l o w e d .
Acid D e n i t r o s a t i o n  o f  N i t r o s a m i n e s  
The sample was mixed and a l i q u o t s  o f  e q u a l  s i z e  were p i p e t t e d  
i n t o  a B u c h l e r  Evapo-mix t u b e  (150mm x 18mm). One t u b e  c o n t a i n i n g  
o n e - h a l f  o f  t h e  sample w i l l  be r e f e r r e d  t o  a s  t h e  " u n s p l i t "  f r a c t i o n  
w h i l e  t h e  o t h e r  i s  t h e  " s p l i t "  o r  d e n i t r o s a t e d  f r a c t i o n .  The " u n s p l i t "  
f r a c t i o n  r e c e i v e d  1 . 0  ml o f  0 . 1  N HC1. The " s p l i t "  sample r e c e i v e d  
an a l i q u o t  o f  30-32% h y d r o b ro m ic  a c i d  i n  g l a c i a l  a c e t i c  a c i d  (Eas tm an  
Kodak C o . ,  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  3% hyd rob rom ic  a c i d ) .
Both t u b e s  were m ix ed ,  s t o p p e r e d  and a l l o w e d  t o  s t a n d  f o r  30 m in u te s  
a t  room t e m p e r a t u r e .  The d e n i t r o s a t i o n  r e a c t i o n  was t e r m i n a t e d  by 
t h e  a d d i t i o n  o f  1 . 0  ml o f  0 . 1  N HC1 f o l l o w e d  by v i g o r o u s  m ix in g .
Dur ing  t h i s  m ix ing  p r o c e s s  a c o l o r  change  from deep  o ran g e  t o  l i g h t  
y e l l o w  o c c u r r e d .  The " s p l i t "  and  " u n s p l i t "  s a m p le s  were t a k e n  t o  
d r y n e s s  on a B u c h l e r  Evapo-mix u n d e r  c o n d i t i o n s  o f  c o n t i n u o u s  s h a k i n g ,  
r e d u c e d  p r e s s u r e  a t  60°C.  A f t e r  t h e  a d d i t i o n  o f  1 . 0  ml o f  0 . 1  N HC1 
t o  t h e  r e s i d u e  i n  each  t u b e ,  t h e  s a m p le s  were a g a i n  e v a p o r a t e d  t o
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d r y n e s s .  The s a m p le s  were t a k e n  up i n  two a l i q u o t s  o f  0 . 5  ml o f  0 . 1  
N HC1 ( V o r t e x  m ix i n g )  and s t o r e d  i n  capped  100 x 13 mm t e s t  t u b e s  i n  
t h e  r e f r i g e r a t o r .
D a n s y l a t i o n  P r o c e d u r e
The amine  s a l t s  d e r i v e d  from n i t r o s a m i n e s  o r  s t a n d a r d  s t o c k  
s o l u t i o n s  o f  am ines  were d i s s o l v e d  i n  1 . 0  ml o f  0 . 1  N HC1 and  p i p e t t e d  
i n t o  150 mm x 13 mm s c re w - c a p p e d  t e s t  t u b e s  f o l l o w e d  by t h e  a d d i t i o n  
o f  2 . 0  ml o f  s p e c t r a l  g r a d e  a c e t o n e  c o n t a i n i n g  1 . 0  mg o f  d a n s y l - C l .  
Enough NaHC03  was added  t o  s a t u r a t e  t h e  s y s te m  and e a ch  t u b e  was 
t h o r o u g h l y  m ix ed .  The r e a c t i o n  t o o k  p l a c e  o v e r n i g h t  a t  room t e m p e r ­
a t u r e  i n  t h e  d a r k  w i th  c o n s t a n t  s h a k i n g .  To remove e x c e s s  r e a g e n t  
0 . 1  ml o f  100  mg/ml o f  p r o l i n e  was added  and t h e  r e a c t i o n  c o n t i n u e d  
f o r  30 a d d i t i o n a l  m i n u t e s .  Ace tone  was removed unde r  r e d u c e d  p r e s s u r e  
and t h e  amine d e r i v a t i v e s  were e x t r a c t e d  i n t o  1 . 0  ml o f  b e n z e n e .  
E x t e n s i v e  m ix ing  ( V o r t e x  m ix e r )  was r e q u i r e d  t o  i n s u r e  c o m p le te  e x ­
t r a c t i o n  i n t o  benzene  f o l l o w e d  by a s h o r t  low s pe ed  c e n t r i f u g a t i o n  
t o  b r e a k  t h e  e m u l s i o n .  The t u b e s  were p l a c e d  in  i c e  and t h e  benzene  
l a y e r  was p i p e t t e d  i n t o  a s m a l l  capped  t e s t  t u b e  and s t o r e d  i n  t h e  
f r e e z e r .
TLC p l a t e s  were p r e p a r e d  in  ou r  l a b o r a t o r y  by a p p l y i n g  a 
s l u r r y  o f  s i l i c a  g e l  G (Merck A .G . ,  Darmstadt . ,  Germany) on c l e a n  g l a s s  
p l a t e s  (20 x 20 cm) w i t h  a Br inkmann-Desaga v a r i a b l e  t h i c k n e s s  a p p l i c a ­
t o r  (Brinkmann I n s t r u m e n t s )  s e t  a t  2 5 0 j i .  The s i l i c a  g e l  s l u r r y  was 
p r e p a r e d  by v i g o r o u s l y  s h a k i n g  30 g o f  s i l i c a  g e l  G w i th  60 ml o f  
d i s t i l l e d  w a t e r  i n  a 500 ml E r le n m ey e r  f l a s k .  The p l a t e  was a c t i ­
v a t e d  f o r  1 hour  i n  an  oven a t  110°C p r i o r  t o  s p o t t i n g .  M i c r o l i t e r
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q u a n t i t i e s  o f  s a m p le s  were a p p l i e d  t o  t h e  p l a t e s  w i t h  a H a m i l to n  Micro 
s y r i n g e  e q u ip p e d  w i t h  a Chaney a d a p t e r .  A scend ing  c h ro m a to g r a p h y  was 
p e r fo rm e d  i n  t h e  d a r k  u s i n g  an  e t h y l a c e t a t e r c y c l o h e x a n e  ( 1 : 4  v / v )  
s o l v e n t  s y s t e m .  A f t e r  c h r o m a to g r a p h y ,  t h e  p l a t e  was s p r a y e d  w i t h  
t r i e t h a n o l a m i n e : i s o p r o p a n o l ( l : 4 v / v )  and d r i e d  a t  room t e m p e r a t u r e  
i n  vacuo f o r  one hou r  i n  t h e  d a r k .
Q u a n t i t a t i o n  o f  t h e  amine d e r i v a t i v e s  was a c c o m p l i s h e d  by 
d i r e c t  s c a n n i n g  w i t h  a T u r n e r  model 111 f l u o r o m e t e r  (G.K.  T u r n e r  
A s s o c . )  e q u ip p e d  w i t h  a TLC s c a n n e r  and a Hea th  K i t  I R - 1 8 ,  10 inch  
r e c o r d e r .  The UV l i g h t  s o u r c e  was a l o ng -w ave  lamp ( T u r n e r  C a t a l o g  
# 1 1 0 - 8 5 0 ) .  A T u r n e r  P r im ary  F i l t e r  #7-37  p e r m i t t e d  t r a n s m i s s i o n  o f  
t h e  w a v e l e n g t h  o f  365 nm. The s e c o n d a r y  f i l t e r ,  T u r n e r  #2A-12,  
a l l o w e d  e m i s s i o n  o f  w a v e l e n g t h s  l o n g e r  t h a n  512 nm.
Q u a n t i t a t i o n  was a c h i e v e d  by m ea s u r in g  t h e  peak a r e a ,  i . e . ,  
peak  h e i g h t  t i m e s  t h e  w id th  a t  o n e - h a l f  peak  h e i g h t ,  and r e f e r r i n g  t o  
a s t a n d a r d  c u r v e  o f  peak  a r e a  v s .  c o n c e n t r a t i o n  d e r i v e d  from amine 
s t a n d a r d s  c h ro m a to g ra p h e d  on t h e  same p l a t e .
D e r i v a t i z a t i o n  w i t h  NBD-C1 
One m i l l i l i t e r  o f  s o l u t i o n  c o n t a i n i n g  6 . 0  mg o f  NBD-C1 
( R e g i s  Chemica l  C o . )  i n  r e d i s t i l l e d  m e thy l  i s o b u t y l  k e t o n e  (MIBK) 
was added t o  e a c h  sample  and  t o  a n  amine s t a n d a r d  m i x t u r e  i n  1 . 0  ml 
o f  0 . 1  N HC1. To t h i s  two l a y e r  s y s t e m ,  s u f f i c i e n t  a n h y d ro u s  ^ 2 ^ 3  
was i n t r o d u c e d  t o  s a t u r a t e  t h e  aqueous  l a y e r  ( b o t t o m  l a y e r ) .  The 
t u b e s  were sha k en  and p l a c e d  in  a ho t  w a t e r  b a t h  a t  80°C f o r  one h o u r .  
A f t e r  c o o l i n g  t o  room t e m p e r a t u r e ,  t h e  t u b e s  were p l a c e d  i n  t h e  f r e e z e r  
u n t i l  t h e  bo t tom  l a y e r  was f r o z e n .  The amber o r g a n i c  l a y e r ,  c o n t a i n -
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ing  t h e  amine  d e r i v a t i v e s ,  was removed w i t h  a d i s p o s a b l e  p i p e t t e  and 
t r a n s f e r r e d  t o  a 100 x 13 mm capped  t u b e  which  was s t o r e d  i n  t h e  
f r e e z e r .
TLC, F l u o r o m e t r i c  and Q u a n t i t a t i o n  P r o c e d u r e s  
P r e p a r e d  s i l i c a  g e l  60 p l a t e s ,  20 x 20 cm w i t h  a l a y e r  t h i c k ­
n e s s  o f  2 5 0 ( E. Mer ck  L a b o r a t o r i e s )  were a c t i v a t e d  a t  100°C f o r  one 
h o u r .  A l i q u o t s  o f  t h e  amine d e r i v a t i v e s  were a p p l i e d  w i t h  a 1 0 j x l  
H a m i l to n  s y r i n g e  e q u ip p e d  w i t h  a Chaney a d a p t o r .  The p l a t e  was 
d e v e lo p e d  i n  a s o l v e n t  s y s t e m  o f  c y c l o h e x a n e : d i e t h y l  e t h e r r e t h y l -  
a c e t a t e : c h l o r o f o r m : g l a c i a l  a c e t i c  a c i d  ( 5 0 : 3 0 : 3 0 : 2 : 1 )  a t  12°C.  When 
t h e  s o l v e n t  f r o n t  had t r a v e l e d  t o  16 cm o r  more up t h e  p l a t e ,  t h e  
p l a t e  was rem oved ,  a i r  d r i e d  and h e l d  i n  vacuo a t  room t e m p e r a t u r e  
f o r  a minimum o f  30 m i n u t e s .  F l u o r o m e t r i c  a n a l y s i s  was a c c o m p l i s h e d  
w i t h  a T u r n e r  Model 111 F l u o r o m e t e r  e q u ip p e d  w i t h  a TLC p l a t e  s c a n n i n g  
a c c e s s o r y .  The f l u o r o m e t e r  was f i t t e d  w i t h  a 436 nm l i g h t  s o u r c e  
(G.K.  T u r n e r  C a t a l o g  #110-853 Blue Lamp) i n  a T-5 e n v e l o p .  The p r i ­
mary f i l t e r  was a c o m b i n a t i o n  o f  t h e  47B and 2A and t h e  s e c o n d a r y  
f i l t e r  was a 2A-12 a l l o w i n g  t r a n s m i s s i o n  o f  w a v e l e n g t h s  l o n g e r  t h a n  
512 nm. The t r a c i n g s  from a s c a n  were r e c o r d e d  on a Coleman Model 
1 6 5 ,  10 in c h  R e c o r d e r .  Q u a n t i t a t i o n  was computed by compar ing  peak  
h e i g h t  m easu rem en ts  i n  mm o f  unknowns t o  t h o s e  o f  s t a n d a r d s  ch roma­
t o g r a p h e d  on t h e  same p l a t e .
S e a food  Sample P r e p a r a t i o n  
A 100 g sam ple  o f  f r e s h ,  f r o z e n  o r  p r o c e s s e d  s e a f o o d ,  e . g . ,  
c l a m s ,  o y s t e r s ,  k i p p e r s ,  e t c .  was p l a c e d  i n  t h e  s c r e w  t o p  j a r  o f  a 
Waring b l e n d e r .  Ten grams o f  p o t a s s i u m  c a r b o n a t e  and 7 -8  grams o f
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p o t a s s i u m  h y d r o x id e  were added  f o l l o w e d  by 200-250  ml o f  m e th y le n e  
c h l o r i d e .  The sample was homogenized  f o r  s e v e r a l  s h o r t  p e r i o d s  ( 1 0 -  
30 s e c )  w i t h  s e v e r a l  m i n u t e s  be tw een  ea ch  h o m o g e n i z a t i o n .  T h i s  p r o ­
c e d u r e  was f o l l o w e d  u n t i l  a u n i fo r m  homogenate  was o b t a i n e d .  The 
f r e s h  and f r o z e n  s e a f o o d  s a m p le s  would o f t e n  form h i g h l y  v i s c o u s  emul ­
s i o n s .  To r e d u c e  e m u l s i f i c a t i o n ,  t h e s e  sam p les  were homogenized  a s  
p r e v i o u s l y  m en t io ned  bu t  no m e th y le n e  c h l o r i d e  was added  u n t i l  s u f f i c ­
i e n t  h o m o g e n i z a t i o n  was a c h i e v e d .  Then 200-250  ml o f  t h e  o r g a n i c  
s o l v e n t  was added and a f t e r  s e v e r a l  s h o r t  p e r i o d s  o f  hom ogen iz in g  
t h e  sam p les  were a l l o w e d  t o  s t a n d  a p p r o x i m a t e l y  f i v e  m in u t e s  p r i o r  t o  
f i l t e r i n g  t h r o u g h  g l a s s  w ool .  The f i l t r a t e  was c o l l e c t e d  i n  a two 
l i t e r  round  bo t tom  f l a s k  and t h e  b l e n d e r  j a r  was r i n s e d  w i t h  50-75  
ml o f  m e th y le n e  c h l o r i d e  and t h i s  was a l s o  f i l t e r e d .  The f i l t e r  cake  
was d i s c a r d e d .  To t h e  y e l l o w i s h  f i l t r a t e  150 ml o f  d i s t i l l e d  w a t e r  
was added a l o n g  w i t h  M ic r o -P o ro u s  B o i l i n g  Chips  (Todd S c i e n t i f i c  C o . ) ,  
which had p r e v i o u s l y  been  b o i l e d  i n  CH2 CI2 and A n t i foam  A (Dow C o r n i n g ) .  
A S n y d e r  column ( K on tes  #503000)  was i n s e r t e d  i n t o  t h e  f l a s k ,  t h e  
c o n t e n t s  were s w i r l e d ,  and  t h e  o r g a n i c  s o l v e n t  was e v a p o r a t e d  i n  a 
h o t  w a te r  b a t h  i n  t h e  hood .  A f t e r  a l l  t h e  m e th y le n e  c h l o r i d e  was 
rem oved ,  t h e  a p p a r a t u s  was c o o l e d  t o  room t e m p e r a t u r e  and 1 0 - 2 0  ml 
o f  d i s t i l l e d  w a t e r  was added t o  t h e  t o p  o f  t h e  Snyde r  column and 
a l l o w e d  t o  p e r c o l a t e  i n t o  t h e  f l a s k .  The c o o le d  aqueous  f r a c t i o n  was 
added  t o  a 1 l i t e r ,  3 necked  s t e a m  p o t  o f  a s team  d i s t i l l a t i o n  s y s t e m .  
The round bo t tom  f l a s k  was r i n s e d  w i t h  d i s t i l l e d  w a t e r  and more A n t i ­
foam A was added t o  t h e  s t e a m  p o t .  The Graham c o n d e n s e r  was c o o le d  
w i t h  t a p  w a t e r .  200-250 ml o f  d i s t i l l a t e  was c o l l e c t e d  and s t o r e d  
i n  t h e  r e f r i g e r a t o r  o r  p a r t i t i o n e d  im m e d i a t e l y .
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P a r t i t i o n i n g  was p e r fo rm e d  i n  500 ml Squibb  s e p a r a t o r y  f u n n e l s  
f i t t e d  w i t h  t e f l o n  s t o p c o c k s .  The d i s t i l l a t e  was poured  i n t o  a s e p a r a ­
t o r y  f u n n e l  f o l l o w e d  by t h e  a d d i t i o n  o f  10 ml o f  6 N HC1. The d i s t i l ­
l a t i o n  f l a s k  was r i n s e d  w i t h  70 ml o f  C H jC ^  and t h i s  was added t o  t h e  
s e p a r a t o r y  f u n n e l  and s h a k e n  3 m i n u t e s .  The l a y e r s  were a l l o w e d  t o  
s e p a r a t e  ( 3 - 5  m i n u t e s )  and t h e  o r g a n i c  l a y e r  (bo t tom )  was d r a i n e d  
i n t o  a n o t h e r  s e p a r a t o r y  f u n n e l .  T h i s  e x t r a c t i o n  p r o c e d u r e  was r e ­
p e a t e d  two t i m e s  w i t h o u t  f u r t h e r  a d d i t i o n  o f  t h e  6 N HC1. Each t i m e ,  
t h e  o r g a n i c  f r a c t i o n s  were combined and t h e  aqueous  d i s t i l l a t e  was 
d i s c a r d e d .  To t h e  combined o r g a n i c  f r a c t i o n  50 ml o f  1 .0N HC1 was 
added  and a f t e r  s h a k i n g ,  t h e  CH2CI2 l a y e r  was d r a i n e d  i n t o  a t h i r d  
s e p a r a t o r y  f u n n e l  c o n t a i n i n g  50 ml o f  2 . ON NaOH. The aqueous  a c i d  
l a y e r  (50  ml o f  1 N HC1) was e x t r a c t e d  t w i c e  more w i t h  2 5 -5 0  ml 
a l i q u o t s  o f  CI^CL?. These o r g a n i c  f r a c t i o n s  were a l s o  combined i n t o  
t h e  t h i r d  s e p a r a t o r y  f u n n e l .  Then a 1-2  m in u te  s ha ke  was done fo l l o w e d  
by a 15 m inu te  s t a n d i n g  p e r i o d .  I f  a c o l l o i d a l  l a y e r  fo rm ed ,  NaCl was 
added  and a f t e r  s h a k i n g  b r i e f l y  a c l e a n  s e p a r a t i o n  o f  t h e  two l a y e r s  
was u s u a l l y  a c c o m p l i s h e d .  The o r g a n i c  l a y e r  was p e r c o l a t e d  t h r o u g h  a 
bed o f  a n h y d ro u s  N3 2 S04  ( p r e - w e t t e d  w i t h  25 ml o f  m e th y le n e  c h l o r i d e )  
s u p p o r t e d  i n  a g l a s s - f r i t t e d  f u n n e l .  The m ethy lene  c h l o r i d e  was 
c o l l e c t e d  i n  a 500 ml K u d e rn a -D an i s h  f l a s k  f i t t e d  w i t h  a c o n c e n t r a t i n g  
t u b e  (Ace G l a s s  Co. # 6 7 0 7 - 1 2 ,  10 ml c a p a c i t y ) .  S e v e r a l  prewashed  
b o i l i n g  c h i p s  were added and a Snyde r  column was i n s e r t e d .  The sample 
was c o n c e n t r a t e d  t o  2 - 4  ml on a h o t  w a t e r  b a t h  and a f t e r  c o o l i n g  t h e  
Snyde r  column was r i n s e d  w i t h  a s m a l l  a l i q u o t  o f  h e x a n e .  The sample 
was e i t h e r  s t o r e d  in  a f r e e z e r  o r  a p p l i e d  d i r e c t l y  t o  an  a lum ina  co lumn.
The a lu m in a  column was p r e p a r e d  a s  f o l l o w s .  A s m a l l  g l a s s  wool
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pad was p l a c e d  a t  t h e  bo t tom  o f  a w a t e r  j a c k e t e d  column ( 1 . 5  x 24 cm) 
which was f i l l e d  w i t h  hexane (B.P* 6 6 - 6 9 ° C ) . Three  grams o f  3% d e a c t i ­
v a t e d  a lu m in a  (Woelm B a s i c ,  Brockman A c t i v i t y  1)  was s l o w l y  a d d e d .  On 
t o p  o f  t h e  a lu m in a  bed a 1 cm l a y e r  o f  a n h y d ro u s  NagSO^ was a d d e d .  
A p p r o x i m a t e l y  50 ml o f  he xa ne  was p a s s e d  t h r o u g h  t h e  column b e f o r e  
a d d i t i o n  o f  t h e  sample  ( d e a c t i v a t i o n  was a c c o m p l i s h e d  by a d d in g  3 .0  
ml o f  d i s t i l l e d  w a t e r  s l o w l y  t o  100 g o f  oven d r i e d  a lu m i n a .  The 
a lu m in a  was t h e n  t h o r o u g h l y  mixed by r o t a t i n g  s l o w l y  on a Buchi  
R o t a r y  E v a p o r a t o r  f o r  4 h o u r s ) .  The a lu m in a  column was r e f i l l e d  
w i t h  h e x a n e .  The sample  was added  t o  t h e  hexane  and a f lo w  r a t e  o f  
60 -100  d r o p s  p e r  m inu te  was m a i n t a i n e d .  As t h e  column head r e a c h e d  
t h e  Na^SO^ l a y e r ,  77 ml o f  a wash s o l u t i o n  (10% CH2CI2 i n  h e x a n e ,  v / v )  
was ad d e d  t o  a r e s e r v o i r  and p a s s e d  t h r o u g h  t h e  column and d i s c a r d e d .  
The n i t r o s a m i n e s  were e l u t e d  by p a s s i n g  75 ml o f  g l a s s - r e d i s t i l l e d  
m e t h y le n e  c h l o r i d e  (B.P. 3 9 . 5 - 4 0 . 5 ° C )  t h r o u g h  t h e  co lumn.  T h i s  f r a c t i o n  
was c o l l e c t e d  i n  a g l a s s  s t o p p e r e d  f l a s k  f o r  s t o r a g e  o r  added  t o  a 
K u d e r n a -D a n i s h  f l a s k  (250  ml r e s e r v o i r )  f i t t e d  w i t h  a c o n c e n t r a t i n g  
t u b e  (K o n tes  G l a s s  Co. C a t a l o g  #570050,  4 ml c a p a c i t y )  and c o n c e n t r a ­
t e d  t o  a p p r o x i m a t e l y  6 ml.  A f t e r  c o o l i n g  t o  room t e m p e r a t u r e ,  a 
m ic ro  S n y d e r  column was a t t a c h e d  t o  t h e  c o n c e n t r a t i n g  t u b e  and t h e  
sam ple  was f u r t h e r  c o n c e n t r a t e d  t o  1-2 ml.  T h i s  c o n c e n t r a t e d  sample  
was e i t h e r  s t o r e d  i n  t h e  f r e e z e r  i n  a g round  g l a s s  s t o p p e r e d  t u b e  o r  
d e n i t r o s a t e d  im m e d i a t e l y  a s  p r e v i o u s l y  d e s c r i b e d .
D e t e r m i n a t i o n  o f  D im ethy lam in e  ( DMA) i n  Sea food  
A 20% homogenate  o f  s e a f o o d  was p r e p a r e d  w i t h  c o l d  10% p e r ­
c h l o r i c  a c i d  (PCA) i n  a Waring b l e n d e r .  The s a m p le s  were h e l d  on
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i c e  f o r  two h o u r s  and  were c e n t r i f u g e d  i n  a n  I n t e r n a t i o n a l  PR-2 
r e f r i g e r a t e d  c e n t r i f u g e .  1 00  ml o f  t h e  s u p e r n a t a n t  was pou red  i n t o  
t h e  s t e a m  po t  and  t h e  Graham c o n d e n s e r  was ’’c h a r g e d "  w i t h  5 -10  ml o f  
6 N HC1. 30 -50  ml o f  IN HC1 was p l a c e d  i n  t h e  1 l i t e r  c o l l e c t i n g  
f l a s k .  The c o n d e n s e r  e x i t  was p l a c e d  b e n e a t h  t h e  a que ous  a c i d  l a y e r  
20 grams o f  NaOH was added  t o  t h e  s t e a m  p o t  and a p p r o x i m a t e l y  200 ml 
o f  d i s t i l l a t e  was c o l l e c t e d .  The d i s t i l l a t e  was t a k e n  t o  d r y n e s s  on 
a Buchi  R o t a r y  E v a p o r a t o r .  The p r e c i p i t a t e  c o n t a i n i n g  amine  s a l t s  
was d i s s o l v e d  i n  25 ml o f  0 . 1  N HC1 and k e p t  i n  a r e f r i g e r a t o r  u n t i l  
e i t h e r  NBD-C1 o r  d a n s y l - C l  d e r i v a t i z a t i o n  was p e r fo rm e d  a s  d e s c r i b e d  
i n  t h i s  s e c t i o n .
37
RESULTS AND DISCUSSION
S e p a r a t i o n  o f  P a n s y l a t e d  Sec o n d a ry  A l i p h a t i c  Amines
In F i g u r e  1 t h e  s t r u c t u r e s  o f  t h e  N - n i t r o s a m i n e s  f o r  which a 
method o f  d e t e c t i o n  i s  p ropose d  a r e  p r e s e n t e d .  I n i t i a l l y  t h e  p a r e n t  
s e c o n d a r y  amines  o f  t h e s e  N - n i t r o s a m i n e s  were d e r i v a t i z e d  t o  form t h e  
h i g h l y  f l u o r e s c e n t  d a n s y l - a m i n o  compounds by t h e  p r o c e d u r e  d e v e lo p e d  
i n  t h i s  l a b o r a t o r y  ( 1 4 9 ) .  S e p a r a t i o n  and q u a n t i t a t i o n  o f  t h e s e  com­
pounds had no t  p r e v i o u s l y  been a c c o m p l i s h e d  by one d i m e n s i o n a l  TLC. 
S e i l e r  and Weichman (150)  w h i l e  work ing  w i th  p e r c h l o r i c  a c i d  e x t r a c t s  
o f  b r a i n  t i s s u e  d e t e c t e d  and s e p a r a t e d  s e v e r a l  o f  t h e s e  s m a l l  s e c o n d ­
a r y  a l i p h a t i c  amines  from many o t h e r  b i o g e n i c  amines and amino a c i d s  
a s  d a n s y l  d e r i v a t i v e s  by two d i m e n s i o n a l  p a p e r  c h ro m a to g ra p h y  and h i g h  
v o l t a g e  e l e c t r o p h o r e s i s .  S e v e r a l  s o l v e n t  sy s te m s  t h a t  S e i l e r  and 
Weichman u t i l i z e d  were t r i e d  and found i n e f f e c t i v e  i n  s e p a r a t i n g  t h e s e  
s e c o n d a r y  amine d e r i v a t i v e s  a n d ,  t h e r e f o r e  a number o f  o t h e r  s o l v e n t s  
were t e s t e d  ( s e e  T a b l e  1 ) .  A l though  none o f  t h e s e  s o l v e n t  s y s te m s  p r o  
v id e d  t h e  s e p a r a t i o n  o f  a l l  s i x  s e c o n d a r y  a m i n e s ,  (DMA, DEA, DPA, DBA, 
PYR and PIP)  i n  one d i m e n s i o n a l  c h r o m a to g r a p h y ,  t h e  s o l v e n t  s y s te m  
composed o f  e t h y l  a c e t a t e  and c y c lo h e x a n e  a p p e a r e d  p r o m i s in g  and was 
f u r t h e r  t e s t e d .  The s e p a r a t i o n  o f  t h e  f o u r  s t r a i g h t  c h a i n  a l i p h a t i c  
a m ines  was a c h i e v e d  by a 1 : 4  v / v  r a t i o  o f  t h e  e t h y l  a c e t a t e  and c y c l o ­
hexane  s y s t e m .  O t h e r  a d s o r b e n t s  b e s i d e s  s i l i c a  g e l  used i n  TLC were 
a l s o  t r i e d ,  i . e . ,  po lyam id e  and k i e s e l g u h r  p l a t e s .  N e v e r t h e l e s s ,  t h e  
s e p a r a t i o n  o f  t h e  d a n s y l - d e r i v a t i v e s  o f  p y r r o l i d i n e  and p i p e r i d i n e  
from t h e  o t h e r  compounds c o u ld  no t  be a c h i e v e d .  E i s e n b r a n d  (28 )  a l s o
F i g u r e  1 .  S t r u c t u r a l  Formulae  o f  Seven V o l a t i l e  
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TABLE 1 .  S o l v e n t  Sys tem s  T e s t e d  f o r  t h e  S e p a r a t i o n  o f  D a n s y l a t e d  
S e c o n d a ry  Amines on S i l i c a  G e l  P l a t e s
S o l v e n t  Sys tem Degree o f  S e p a r a t i o n
M e t h a n o l - e t h y l a c e t a t e - c y c l o h e x a n e
( 2 0 : 2 0 : 6 0 )
M e t h a n o l - e t h y l a c e t a t e - c y c l o h e x a n e - N H 4 0 H
( 1 0 : 2 0 : 6 5 : 5 )  +
I s o p r o p a n o l - e t h y l a c e t a t e - c y c l o h e x a n e - N H ^ O H  
( 3 5 : 4 5 : 2 0 )
M e t h a n o l - c h l o r o f o r m - g l a c i a l  a c e t i c  a c i d  
( 2 0 : 7 5 : 5 )
H e x a n e - e t h y l a c e t a t e - c y c l o h e x a n e - p e t . e t h e r -
m e th y le n e  c h l o r i d e  ( 2 0 : 2 0 : 3 0 : 1 0 : 1 0 )  +
E t h y l a c e t a t e - c y c l o h e x a n e  ( 4 0 : 6 0 )  ++
B u t y l a c e t a t e - h e p t a n e  ( 5 0 : 5 0 )  +
B e n z e n e - t r i e t h y l a m i n e  ( 9 0 : 1 5 )
B e n z e n e - t r i e t h y l a m i n e - c y c l o h e x a n e  ( 1 0 : 1 0 : 8 0 )  +
T o l u e n e - d i o x a n e  ( 5 0 : 5 0 )
T o l u e n e - d i o x a n e - h e x a n e - p e t . e t h e r  ( 3 3 : 3 3 : 1 6 : 1 6 )
C h l o r o f o r m - i s o b u t a n o l - h e x a n e - p e t . e t h e r  
( 2 5 : 2 5 : 2 5 : 2 5 )
B e n z e n e - a c e t o n e  ( 9 8 : 2 )
B u t y l a c e t a t e - c y c l o h e x a n e  ( 2 0 : 8 0 )  ++
No s e p a r a t i o n ,  a t  s o l v e n t  f r o n t ,  o r  a t  o r i g i n  
+ Some s e p a r a t i o n  o f  a t  l e a s t  one s p o t  
++ S e v e r a l  s p o t s  s e p a r a t e d
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r e p o r t e d  t h r e e  s o l v e n t  s y s t e m s  which s e p a r a t e d  t h e  f o u r  a l i p h a t i c  
s t r a i g h t  c h a i n  a m i n o - d a n s y l  d e r i v a t i v e s  b u t  he was u n a b le  t o  s e p a r a t e  
t h e  d a n s y l  d e r i v a t i v e s  o f  p y r r o l i d i n e  and p i p e r i d i n e  from t h e  o t h e r  
compounds.  The Rf  v a l u e s  o f  t h e  d a n s y l - a m i n o  compounds a r e  l i s t e d  i n  
T a b l e  2 .
P h o t o c h e m ic a l  D e n i t r o s a t i o n  o f  N i t r o s a m i n e s  
D e t e r m i n a t i o n  o f  n i t r o s a m i n e s  v i a  p h o t o c h e m ic a l  d e n i t r o s a t i o n  
and t h e  q u a n t i t a t i v e  r e c o v e r y  o f  t h e  n i t r o s o - g r o u p  was p e r fo rm e d  by 
D a i b e r  and Preussman ( 1 5 1 ) .  S i n c e  t h e y  r e p o r t e d  95-100% d e n i t r o s a t i o n ,  
i t  was r e a s o n e d  t h a t  t h e  s e cond  p r o d u c t  o f  p h o t o c h e m i c a l  s p l i t t i n g  
would be t h e  p a r e n t  s e c o n d a r y  amine t h a t  c o u ld  be r e c o v e r e d  i n  h ig h  
y i e l d .  Due t o  t h e  d i f f e r e n c e s  be tw een  my p h o t o - s p l i t t i n g  s y s te m  and 
t h e  D a i b e r  and Preussman  s y s t e m ,  i . e . ,  UV l i g h t  s o u r c e ,  e t c . ,  t h e  r e ­
c o v e r y  o f  t h e  n i t r o s o - g r o u p  was d e t e r m i n e d .  A t im e  s t u d y  was done t o  
d e t e r m i n e  t h e  maximum d e n i t r o s a t i o n  a c h i e v e d  by t h e  p h o t o c h e m i c a l  r e a c ­
t i o n  ( s e e  T a b l e  3 ) .  A maximum r e l e a s e  and r e c o v e r y  o f  t h e  n i t r o s o -  
g r o u p  o c c u r r e d  i n  15 m in u t e s  w i t h  a d e c r e a s e  i n  r e c o v e r y  o c c u r r i n g  by 
30 m i n u t e s .  D a i b e r  and Preussman (151)  a l s o  a c h i e v e d  a maximum d e n i t r o ­
s a t i o n  in  15 m i n u t e s .  They r e p o r t e d ,  how ever ,  a d e c r e a s e  in  r e c o v e r y  
o f  t h e  n i t r o s o - g r o u p  a s  t h e  c o n c e n t r a t i o n  o f  t h e  n i t r o s a m i n e  was i n ­
c r e a s e d  due t o  t h e  f o r m a t i o n  o f  n i t r a t e  which t h e y  were a b l e  t o  d e t e c t .  
I n  my t im e  s t u d y  t h e  s t a n d a r d  n i t r i t e  s o l u t i o n  d id  n o t  show an  a p p r e ­
c i a b l e  l o s s ,  a s  i n d i c a t e d  by t h e  O.D. v a l u e s ,  even  a f t e r  60 m i n u t e s  o f  
t h e  UV t r e a t m e n t  ( T a b le  3 ) .  However,  D a i b e r  and P reussman  d i d  no t  
r e p o r t  t h e  e f f e c t  o f  UV on a s t a n d a r d  n i t r i t e  s o l u t i o n .  These  i n v e s ­
t i g a t o r s  i n d i c a t e d  t h a t  t h e  c o n c e n t r a t i o n  o f  sodium c a r b o n a t e  was
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TABLE 2 .  Rf  V a l u e s  f o r  Dansy l-Amino and NBD-Amino D e r i v a t i v e s .
The s o l v e n t  s y s te m  f o r  t h e  d a n s y l  d e r i v a t i v e s  was e t h y l a c e t a t e  and c y c l o -  
h exane  ( 1 : 4  v / v ) . The N B D - d e r i v a t i v e s  were c h ro m a to g ra p h ed  i n  a s o l v e n t  
o f  c y c l o h e x a n e ,  d i e t h y l  e t h e r ,  e t h y l a c e t a t e ,  c h l o r o f o r m ,  g l a c i a l  a c e t i c  
a c i d  ( 5 0 : 3 0 : 2 0 : 2 : 1  v / v )  a t  12°C.  Chrom atography  o f  bo th  d e r i v a t i v e s  
was done in  t h e  d a r k  on s i l i c a  g e l  G p l a t e s .
Compound_____________________________Pansy  1 - D e r i v a t i v e s _____ N B D -D e r iv a t iv e s
Rf Rf
Ammonia 0 .1 3 0 .1 6
Methylamine 0 .2 6 0 .2 3
Dim ethy lamine 0 .4 0 0 . 1 1
M orpho l ine 0 . 2 1 0 . 1 1
P y r r o l i d i n e 0 .4 1 0 . 2 0
D i e t h y l a m i n e 0 .6 4 0 .2 9
P i p e r i d i n e 0 .62 0 .3 5
Dans-OH 0.67 —
D ip ro p y la m in e 0 .7 4 0 .53
D i b u t y l a m i n e 0 .8 3 0 .6 7
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TABLE 3 .  D e n i t r o s a t i o n  and t h e  Loss  o f  N i t r i t e  v s .  Time o f  UV
T r e a t m e n t
ml o f  0.5% Na2C0 3 . The volume was a d j u s t e d  t o  1 . 0  ml by t h e  a d d i t i o n  
o f  w a t e r .  The s a m p le s  i n  20  m l  b e a k e r s  were p l a c e d  i n  a pan c o n t a i n ­
in g  i c e  and exposed  t o  t h e  UV s o u r c e .  A f t e r  t h e  UV t r e a t m e n t ,  t h e  
s a m p le s  were a n a l y z e d  a s  d e s c r i b e d  in  t h e  M a t e r i a l s  and  Methods 
s e c t i o n .
(B) Each sample  c o n t a i n e d  3 ug o f  NaN(>2 and t h e  t o t a l  volume 
was a d j u s t e d  t o  1 . 0  ml  and a n a l y z e d  a s  d e s c r i b e d  a b o v e .
(A) Each sample  c o n t a i n e d  6 x 10” ® m moles  o f  DMN and 0 . 5
E xp e r im en t
Time o f  UV T r e a t m e n t  i n  M in u te s  
0 5 15 30 45 60
O.D. a t  525 nm
A 0 . 0  0 .1 9  0 . 4 5  0 .3 9
A 0 . 0  0 .1 2  0 .4 9  0 .37 0 . 4 1
B 0 .4 1  0 . 4 1  0 .4 1  0 .4 0  0 .4 0  0 .4 0
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c r i t i c a l  i n  t h e  a s s a y .  T h e r e f o r e ,  t h e  e f f e c t  o f  t h e  sodium c a r b o n a t e  
c o n c e n t r a t i o n  on  t h e  r e c o v e r y  o f  n i t r o s o - g r o u p  from n i t r o s o p i p e r i d i n e  
was d e t e r m i n e d  ( T a b l e  4 ) .  A maximum p h o t o c h e m i c a l  s p l i t t i n g  was 
a t t a i n e d  w i t h  0 . 5  ml o f  0.5% Na^COg and t h i s  amount  was i n c o r p o r a t e d  
i n t o  t h e  p r o c e d u r e .
The l i n e a r  c a l i b r a t i o n  c u r v e s  d e r i v e d  from t h e  n i t r i t e  s t a n d ­
a r d s  and from t h e  r e c o v e r y  o f  t h e  n i t r o s o - g r o u p ,  a s  n i t r i t e ,  a r e  p r e ­
s e n t e d  in  F i g u r e  2 .  The d e n i t r o s a t i o n  and r e c o v e r y  o f  t h e  n i t r o s o -  
g roup  from t h e s e  n i t r o s a m i n e s  i s  n o t  100% a s  i s  e v i d e n t  f rom t h e  
d i f f e r e n c e  i n  t h e  s l o p e s  o f  c u r v e s  o f  t h e  compounds compared t o  t h a t  
o f  t h e  n i t r i t e  s t a n d a r d  c u r v e .  A l th o u g h  D a i b e r  and Preussman (151)  
r e p o r t e d  n e a r l y  q u a n t i t a t i v e  d e n i t r o s a t i o n  a s  d e t e r m i n e d  by t h e  r e c o v ­
e r y  o f  t h e  n i t r o s o - g r o u p  i t  i s  i m p o s s i b l e  t o  a c c o u n t  f o r  t h e  d i f f e r ­
e n c e s  o b s e rv e d  in  t h e  r e c o v e r y  o f  t h e  n i t r o s o - g r o u p  in  t h e  two s t u d i e s  
due t o  t h e  d i f f e r e n c e s  i n  t h e  two s y s t e m s .  Our s y s te m  employed a 
d i f f e r e n t  UV s o u r c e ,  a l o w e r  t e m p e r a t u r e  ( s a m p le s  were c o o l e d  on i c e ) ,  
and t h e  d i s t a n c e  from t h e  l i g h t  s o u r c e  was g r e a t e r .  However , o u r  
r e s u l t s  a r e  c o m p a rab le  t o  t h o s e  o b t a i n e d  by Fan and Tannenbaum ( 6 7  ) .  
T h e i r  sy s te m  u t i l i z e d  a UV s o u r c e  s i m i l a r  t o  o u r  s y s te m  and a c o m p a r i ­
son  o f  d e n i t r o s a t i o n  o f  s e v e r a l  n i t r o s o - c o m p o u n d s  a c h i e v e d  in  o u r  
s y s te m  and t h e i r s  i s  p r e s e n t e d  i n  T a b l e  5 .
Recove ry  o f  Amine in  P h o t o c h e m ic a l  D e n i t r o s a t i o n
A c c o r d in g  t o  B u rg e ss  and L a v a n i s h  ( 3 3 ) ,  UV i r r a d i a t i o n  o f  an 
aqueous  s o l u t i o n  o f  n i t r o s a m i n e  in  t h e  p r e s e n c e  o f  a p r o t o n  d o n o r ,  i . e . ,  
d i l u t e  h y d r o c h l o r i c  a c i d ,  q u i c k l y  d e n i t r o s a t e d  t h e  compound but  p r o ­
d u c t s  o t h e r  t h a n  t h e  p a r e n t  s e c o n d a r y  amine f r e q u e n t l y  o c c u r r e d .
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TABLE 4 .  E f f e c t  o f  NagCOg C o n c e n t r a t i o n  on t h e  Recovery  o f  t h e  N i t r o s o -
G roup
Each sample  c o n t a i n e d  0 . 3  ml o f  2 x  1 0 M NPIP,  t h e  i n d i c a t e d  volume 
o f  a Na2C0g s o l u t i o n  and  w a t e r  t o  g i v e  a t o t a l  volume o f  1 . 0  ml .  The 
s a m p l e s  were c o o l e d  on i c e  d u r i n g  t h e  15 m in u t e s  UV t r e a t m e n t .  The 
a n a l y s i s  f o r  n i t r i t e  i s  d e s c r i b e d  i n  t h e  M a t e r i a l s  and Methods S e c t i o n .
C o n c e n t r a t i o n  Volume o f
o f  Na2C03  Na2CC>3 A525
% ml
0 . 5 0 .1 0 .2 6
0 .3 0 .33
0 . 4 0 .3 8
0 . 5 0 .3 9
1 .0 0 . 3 0 .3 8
0 . 4 0 .3 6
0 . 5 0 .3 6
2 .0 0 .1 0 .2 6
0 . 5 0 .2 6
5 . 0 0 .1 0 .2 5
0 .5 0 .2 5
1 0 .0 0 .1 0 . 2 4
0 . 5 0 .2 2
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F i g u r e  2 .  L i n e a r  C a l i b r a t i o n  Curves  o f  A bsorbance  v s .  
C o n c e n t r a t i o n  f o r  P h o t o - D e n i t r o s a t i o n  o f  N i t r o s a m i n e s .
A l i q u o t s  o f  sam ple  from s t a n d a r d  s t o c k  s o l u t i o n s  o f  1 x 
10~4 M were t r a n s f e r r e d  t o  20 ml b e a k e r s  and  t r e a t e d  a s  d e s c r i b e d  
i n  t h e  M a t e r i a l s  and Methods s e c t i o n .  A f t e r  c o m p l e t i o n  o f  t h e  UV 
t r e a t m e n t  1 . 5  ml o f  a 1 : 1  m i x t u r e  o f  t h e  d e v e l o p i n g  s o l u t i o n  was 
a d d e d .  The s a m p le s  were r e a d  a t  525 nm a f t e r  15 m i n u t e s  o f  d e v e l ­
opm ent .  The c u r v e  l a b e l l e d  MAN r e p r e s e n t s  t h e  p h o t o - d e n i t r o s a t i o n  
o f  N - m e t h y l - N - a n i l i n e  n i t r o s a m i n e  and t h e  s t a n d a r d  n i t r i t e  c u r v e  i s  
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TABLE 5.  D e n i t r o s a t i o n  o f  N - N i t r o s a m i n e s  by P h o t o c h e m ic a l  S p l i t t i n g :  
Compari son  w i t h  t h e  P r o c e d u r e  o f  Fan and  Tannenbaum ( 67 ) .
The Fan and  Tannenbaum s y s t e m ,  l i k e  o u r s ,  u sed  two Model G 15T8 s h o r t ­
wave lam ps  ( G e n e r a l  E l e c t r i c  C o . ) .  T h e i r  sample  s i z e  was a p p r o x i m a t e l y
0 .2 5  ml and  t h e  UV t r e a t m e n t  was f o r  30 m i n u t e s  i n  c o n t r a s t  t o  15 min.  
by ou r  p r o c e d u r e .  The d i s t a n c e  from t h e  sample  t o  t h e  UV l i g h t  s o u r c e  
was v a r i a b l e  i n  t h e i r  sy s te m  a v e r a g i n g  5 . 0  cm compared t o  15 cm i n  ou r  
s y s t e m .
P r e s e n t  Sys tem Fan & Tannenbaum
Compound D e n i t r o s a t i o n Compound D e n i t r o s a t i o n
NPIP
° /Ao
53 (8 ) NPYR
%
55
DEN 47 (4 ) DEN 60
DPN 45 ( 4 ) DMN 66
MAN 25 (3 ) - -
*MAN -  N - M e th y l - N - A n i l i n e  N i t r o s a m i n e  
( ) = # o f  s a m p le s  a n a l y z e d
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They r e p o r t e d  t h a t  t h e  p r e s e n c e  o f  e l e c t r o n  t r a n s f e r  a g e n t s  such  a s  
h y d r o q u in o n e  t o  t h e  s y s t e m  l e d  t o  q u a n t i t a t i v e  c o n v e r s i o n  o f  t h e  
n i t r o s a m i n e s  t o  s e c o n d a r y  a m i n e s .
I n i t i a l l y  s m a l l  a l i q u o t s  o f  n i t r o s a m i n e s  were i r r a d i a t e d  w i t h  
s h o r t  wave UV l i g h t  in a d i l u t e  h y d r o c h l o r i c  a c i d  s o l u t i o n  ( 0 .0 0 1  N).  
Under  t h e s e  c o n d i t i o n s  n i t r o s o p i p e r i d i n e  was d e n i t r o s a t e d  and p i p e r i ­
d i n e  was r e c o v e r e d  i n  65-80% y i e l d  (T a b le  6 ) .  The d i a l k y l  n i t r o s a m i n e s ,  
h o w e v e r ,  d i d  no t  y i e l d  more t h a n  10% r e c o v e r y  o f  t h e  t h e o r e t i c a l  
amount  o f  t h e  s e c o n d a r y  amine under  t h e  same c o n d i t i o n s .  A number o f  
a d d i t i v e s  t o  t h e  r e a c t i o n  m i x t u r e  were t r i e d ,  i . e . ,  m e t h a n o l ,  h y d r o ­
q u i n o n e  and  z i n c  d u s t ,  and t h e  UV t r e a t m e n t  was e x t e n d e d  t o  4 h o u r s .  
N e v e r t h e l e s s ,  no i n c r e a s e  in t h e  c o n v e r s i o n  t o  s e c o n d a r y  amines  was 
o b s e r v e d .  Chow (3 5 )  c o n c l u d e d  a f t e r  t h o r o u g h l y  s t u d y i n g  t h e  p h o t o ­
c h e m i c a l  r e a c t i o n s  o f  N - n i t r o s a m i n e s  t h a t  t h e  p r im ary  p r o d u c t  formed 
i s  a n  ox im e .  He f u r t h e r  showed t h a t  i r r a d i a t i o n  o f  d i b u t y l n i t r o s a m i n e  
i n  a q u e o u s  m ethano l  or  in  a q u e o u s  a c i d  s o l u t i o n  y i e l d e d  17 and 21% o f  
d i b u t y l a m i n e  r e s p e c t i v e l y .
Ac id  D e n i t r o s a t i o n  o f  N i t r o s a m i n e s
D i a l k y l  n i t r o s a m i n e s  a r e  r e l a t i v e l y  s t a b l e  i n  aqueous  s o l u t i o n  
a t  low pH v a l u e s  e v e n  a t  e l e v a t e d  t e m p e r a t u r e s  ( 3 5 ) .  Fan and Tannen­
baum (26)  s t a t e d  t h a t  t h e  h a l f - l i f e  o f  DMN and NPYR i s  150 days  a t  a 
pH o f  2 . 2  a t  110°C.  The n i t r o s o - g r o u p ,  however ,  has  been u se d  a s  a 
p r o t e c t i v e  g roup  in  p e p t i d e  s y n t h e s i s  and  removed in  a s o l u t i o n  o f  
d i o x a n e  s a t u r a t e d  w i th  h y d ro g en  c h l o r i d e  g a s  ( 1 5 2 ) .  E i s e n b r a n d  (58 )  
u s i n g  a n  a n h y d r o u s  m i x t u r e  o f  g l a c i a l  a c e t i c  a c i d  and HBr d e v e lo p e d  a 
s y s t e m  f o r  d e n i t r o s a t i n g  bo th  a l k y l  and a r y l  n i t r o s a m i n e s .  The a c i d
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TABLE 6.  UV D e n i t r o s a t i o n  o f  N i t r o s o p i p e r i d i n e  a s  D e te rm ined  by Recov­
e r y  o f  P i p e r i d i n e
Each sample  o f  NPIP was i r r a d i a t e d  f o r  15 m i n u t e s  in  a
s o l u t i o n  o f  0 .0 0 1  N HCL (pH 3 . 0 )  o r  0 . 2  M sodium a c e t a t e
b u f f e r  (pH 5 . 0 ) .  A f t e r  d e n i t r o s a t i o n ,  an  a l i q u o t  was
w i thd raw n  and d a n s y l a t e d .
NPIP pH Amine Recovered
I  3 75%
I I  3 82%
I I I  3 81%
IV 5 65%
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d e n i t r o s a t i o n  was q u a n t i t a t i v e  a s  d e t e r m i n e d  by t h e  amount  o f  N0+ 
s p e c i e s  r e l e a s e d  and  r e c o v e r e d  a s  a h i g h l y  c o l o r e d  p r o d u c t  a f t e r  
d i a z o t i z a t i o n .  The r e s u l t s  o b t a i n e d  a t  room t e m p e r a t u r e  and a t  50°C 
a r e  compared w i t h  t h e  s p l i t t i n g  r e p o r t e d  by E i s e n b r a n d  a t  50°C in  
T a b l e  7.  I n  o u r  s y s t e m ,  b e t t e r  d e n i t r o s a t i o n  and  r e c o v e r y  was ob­
t a i n e d  a t  room t e m p e r a t u r e .  A t i m e  s t u d y  was a l s o  done a t  a low er  
t e m p e r a t u r e  ( 1 0 ° - 1 5 ° C ) .  The r e s u l t s  o f  t h e  t e s t  showed t h a t  a f t e r  
30 m in u t e s  a maximum o f  90% d e n i t r o s a t i o n  had t a k e n  p l a c e  b u t  by 80
m i n u t e s  o n l y  50% o f  t h e  n i t r i t e  c o u l d  be r e c o v e r e d .
When t h e  r e a c t i o n  volume was r e d u c e d  from 10 ml t o  2 . 0  ml 
w i t h  a c o r r e s p o n d i n g  r e d u c t i o n  o f  t h e  amount o f  sample  used  by a f a c ­
t o r  o f  1 0 ,  i . e . ,  50 ug t o  5 u g , 89% d e n i t r o s a t i o n  and r e c o v e r y  o f  
n i t r i t e  f rom DMN was a c h i e v e d .
E i s e n b r a n d  (28 )  i d e n t i f i e d  t h e  p a r e n t  s e c o n d a r y  amine p r o d u c t  
a f t e r  a c i d  d e n i t r o s a t i o n  o f  n i t r o s a m i n e s .  The amine e n t i t y  was d e t e r ­
mined by fo rm ing  d e r i v a t i v e s  w i t h  d a n s y l - C l ,  4 - n i t r o a z o b e n z e n e - 4 ’ -  
c a r b o x y l i c  a c i d  c h l o r i d e  (NABS-C1) o r  h e p t a f l u o r o b u t y r l  c h l o r i d e  
(HFB-C1). A l th o u g h  no q u a n t i t a t i v e  d e t e r m i n a t i o n s  were pe r fo rm e d  
w i t h  t h e  d a n s y l  d e r i v a t i v e s ,  GLC q u a n t i t a t i o n  o f  t h e  H F B - d e r i v a t i v e s  
a l l o w e d  d e t e c t i o n  o f  p i com ole  q u a n t i t i e s .
I n i t i a l l y  t h e  r e s u l t s  ( T a b l e  8) i n d i c a t e d  a g r e a t  v a r i a b i l i t y
i n  t h e  d e n i t r o s a t i o n  a n d / o r  t h e  p r o d u c t i o n  o f  t h e  s e c o n d a r y  amine .  
N e v e r t h e l e s s ,  when t h e  s e c o n d a r y  amines  were added d i r e c t l y  t o  t h e  
r e a c t i o n  m i x t u r e ,  q u a n t i t a t i v e  r e c o v e r y  was a c c o m p l i s h e d .  A f t e r  a l l  
o f  t h e  p a r a m e t e r s  had been t h o r o u g h l y  c h e c k e d ,  i . e . ,  r e d i s t i l l a t i o n  
o f  g l a c i a l  a c e t i c  a c i d ,  f r e s h l y  p r e p a r e d  g l a c i a l  a c e t i c  a c i d  s o l u t i o n  
c o n t a i n i n g  HBr, s t a n d a r d i z a t i o n  by t i t r a t i o n ,  e t c . ,  t h e  s p o r a d i c  r e -
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TABLE 7 .  Ac id  D e n i t r o s a t i o n  o f  N i t r o s a m i n e s  a s  D e te rm ined  by Recov­
e r y  o f  N i t r i t e
1 . 0  ml o f  sample  c o n t a i n i n g  25 o r  50 j i g  o f  a n i t r o s a m i n e  
was p l a c e d  i n  t e s t  t u b e s  f o l l o w e d  by t h e  a d d i t i o n  o f  9 . 0  
ml o f  g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  0 . 6  ml o f  30-32% HBr.
The s a m p l e s  were h e l d  a t  room t e m p e r a t u r e  f o r  15 m i n u t e s  o r  
were i n c u b a t e d  i n  a 50°C w a t e r  b a t h  f o r  3 -5  m i n u t e s .  1 . 0  -
3 . 0  ml a l i q u o t s  were w i th d ra w n  and  added  t o  5 . 0  ml o f  G r i e s s -  
I l o s v a y  r e a g e n t ,  a d j u s t e d  t o  10 ml w i t h  w a t e r  and d e ve lope d  
i n  t h e  d a r k  a t  room t e m p e r a t u r e  f o r  1 5 -3 0  min.  The samples  
were r e a d  a t  525 nm. I n  t h e  t h i r d  column a r e  t h e  v a l u e s  
E i s e n b r a n d  o b t a i n e d  by a c i d  d e n i t r o s a t i o n .
P r e s e n t  S tudy  E i s e n b r a n d
Rm. Temp. 50°C 50°C
_  _  _
DMN iooii 89 -1 9 9 .2
+ +
DBN 89-5 76-3 ——
NPIP 109^6 90^6 9 8 .3
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TABLE 8 .  I n i t i a l  R e s u l t s  o f  Ac id  D e n i t r o s a t i o n  o f  N i t r o s a m i n e s
N i t r o s a m i n e s  were d e n i t r o s a t e d  w i t h  1.5% HBr a t  room t e m p e r a t u r e  f o r  
15 m i n u t e s  i n  a 1 . 0  ml o f  g l a c i a l  a c e t i c  a c i d .  The s a m p le s  were t a k e n  
t o  d r y n e s s  i n  a B u c h l e r  Evapo-Mix a t  80-90°C u n d e r  r e d u c e d  p r e s s u r e .  
The amine s a l t s  were d a n s y l a t e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  Dion 
and  H e r b s t  ( 1 4 9 ) .
Compound Sample S i z e  Re c ove ry
ug %
DMN 3 7 .0 88
DMN 3 7 .0 8 5 ,  8 5 ,  89
DMN 7 . 4  -  7 4 .0 8 2 ,  88 ,  92 ,  9 6 ,  80
DMN 3 . 7  -  3 7 . 0 6 1 ,  77 ,  7 4 ,  79
DEN 5 . 0 50 ,  7 3 ,  69 ,  69
DEN 1 0 .0 29 ,  71 ,  81
DEN 5 . 0 8 6 , 81
DBN 5 . 0 55 ,  6 1 ,  55 ,  58
DBN 1 0 .0 1 0 0 ,  9 1 ,  118
DBN 5 . 0 9 5 ,  100
DBN 5 . 0 9 8 ,  98
NPYR 5 . 0 9 5 ,  1 0 5 ,  8 0 ,  71
NPIP 1 1 . 4 ,  2 2 .8 75 ,  8 7 ,  9 0 ,  89 ,  97
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s u i t s  s t i l l  p e r s i s t e d .  V a r i a t i o n s  in  t h e  f l u o r e s c e n t  d e r i v a t i z a t i o n  
p r o c e d u r e  were a l s o  t e s t e d  and a s  a r e s u l t  a m o d i f i e d  p r o c e d u r e  was 
d e v e l o p e d .  The new p r o c e d u r e ,  d e s c r i b e d  in  t h e  M a t e r i a l s  and Methods 
s e c t i o n  e l i m i n a t e d  many o f  t h e  v a r i a t i o n s  t h a t  had been  o b s e r v e d .
E i s e n b r a n d  had d e v e lo p e d  t h e  a c i d  d e n i t r o s a t i o n  o f  n i t r o s a m i n e s  
on s t a n d a r d  n i t r o s a m i n e  s o l u t i o n s .  However,  t h i s  method had t o  be a p ­
p l i e d  t o  m e th y le n e  c h l o r i d e  e x t r a c t s  o f  b i o l o g i c a l  m a t e r i a l s  c o n t a i n i n g  
n i t r o s a m i n e s .  I n i t i a l l y  an  a l i q u o t  o f  a c e t i c  a c i d  was added  t o  t h e  
c o n c e n t r a t e d  m e th y le n e  c h l o r i d e  e x t r a c t  a n d ,  a f t e r  t h e  m e th y le n e  c h l o r ­
i d e  had been  removed u n d e r  r e d u c e d  p r e s s u r e ,  an  a l i q u o t  o f  HBr was 
a d d e d .  A f t e r  15 m in u t e s  t h e  sample  was t a k e n  t o  d r y n e s s .  Th i s  
t e c h n i q u e  d id  not  r e s u l t  i n  good r e c w e r i e s .  A m o d i f i e d  method o f  
d e n i t r o s a t i o n  was d e v e l o p e d .  The a c i d  d e n i t r o s a t i o n  was pe r fo rm ed  by 
t h e  d i r e c t  a d d i t i o n  o f  HBr t o  t h e  m e th y le n e  c h l o r i d e  s o l u t i o n  o f  t h e  
n i t r o s a m i n e s .  Q u a n t i t a t i v e  r e s u l t s  were a c h i e v e d  by a d d in g  an  a l i q u o t  
o f  30% HBr in  g l a c i a l  a c e t i c  a c i d  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  
3% HBr f o l l o w e d  by 30 m i n u t e s  i n c u b a t i o n  a t  room t e m p e r a t u r e .  In  
a d d i t i o n  t o  t h i s  m o d i f i c a t i o n  i t  was d i s c o v e r e d  t h a t  i t  was e s s e n t i a l  
t o  t e r m i n a t e  t h e  r e a c t i o n  by t h e  a d d i t i o n  o f  an  a l i q u o t  o f  a que ous  a c i d ,
i . e . ,  0 . 1  N HC1 p r i o r  t o  t a k i n g  t h e  r e a c t i o n  m i x t u r e  t o  d r y n e s s .
T h i s  p r o c e d u r e  p r e v e n t e d  any  l o s s  o f  n i t r o s a m i n e s  w h i l e  r e ­
moving t h e  m e th y le n e  c h l o r i d e  s i n c e  t h e  a d d i t i o n  o f  t h e  aqueous  a c i d  
p r e v e n t e d  s i d e  r e a c t i o n s  which o c c u r  d u r i n g  t h e  c o n c e n t r a t i o n  and r e ­
moval o f  t h e  a n h y d r o u s  medium. A n o th e r  a d v a n t a g e  was a c h i e v e d  w i th  
t h i s  p r o c e d u r e  i n  t h a t  m i l d e r  c o n d i t i o n s  and l e s s  t i m e  was r e q u i r e d  
i n  t a k i n g  a sample  t o  d r y n e s s .  Removal o f  t h e  a c e t i c  a c i d  and HBr 
r e q u i r e d  a t e m p e r a t u r e  o f  80-90°C and r ed u c e d  p r e s s u r e  f o r  15 -30
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m in u t e s  w h i l e  t h e  m e th y le n e  c h l o r i d e  and  HBr s o l u t i o n  c o u ld  be  r e  
moved a t  60°C i n  a few m i n u t e s  a t  r e d u c e d  p r e s s u r e .  While  t h i s  work 
was i n  p r o g r e s s ,  L un t  e t  a l .  (29 )  r e p o r t e d  t h e  d e n i t r o s a t i o n  o f  s e v e r a l  
n o n v o l a t i l e  n i t r o s a m i n e s  i n  a m e th y le n e  c h l o r i d e  s o l u t i o n  c o n t a i n i n g  
25% t h i o n y l  c h l o r i d e  w i t h  a p p r o x i m a t e l y  90% e f f i c i e n c y .  The n i t r o s y l  
c h l o r i d e  r e l e a s e d  was t r a p p e d  i n  a n  a queous  s o l u t i o n  and r e a c t e d  w i th  
t h e  B r a t t o n - M a r s h a l l  r e a g e n t  t o  form a c o l o r e d  d i a z o  compound.  T h i s  
p r o c e d u r e  d i d  n o t  a l l o w  i d e n t i f i c a t i o n  o f  t h e  p a r e n t  n i t r o s a m i n e  but  
c o u ld  be a p p l i e d  f o r  t h e  e s t i m a t i o n  o f  t o t a l  n i t r o s a m i n o  compounds.
D e r i v a t i z a t i o n  w i t h  NBD-C1 
A l t h o u g h  t h e  d e n i t r o s a t i o n  o f  n i t r o s a m i n e s  was a c h i e v e d  i n  t h e  
m e th y le n e  c h l o r i d e  medium t h e r e  were s t i l l  s e v e r e  l i m i t a t i o n s  due to  
t h e  l a c k  o f  s u f f i c i e n t  s e p a r a t i o n  o f  t h e  d a n s y l - a m i n o  d e r i v a t i v e s  
from ea ch  o t h e r  and t h e  i n t e r f e r e n c e  by two p e r s i s t e n t  c o n t a m i n a n t s .
The two r e c u r r i n g  c o n t a m i n a n t s  were dansyl -OH and dansyl-DMA. D a n s y l -  
OH, a f l u o r e s c e n t  h y d r o l y t i c  b y - p r o d u c t  o f  d a n s y l - C l  was a p p a r e n t l y  
g e n e r a t e d  d u r i n g  t h e  r e a c t i o n .  The DMA ba c kground  f l u o r e s c e n c e  was 
found t o  o r i g i n a t e  f rom t h e  d e g r a d a t i o n  o f  t h e  d im e th y la m in o  g r o u p  o f  
t h e  r e a g e n t .  A l th o u g h  t h i s  background  v a r i e d  f rom t im e  t o  t im e  i t  
s e v e r l y  hampered t h e  q u a n t i t a t i o n  o f  s m a l l  q u a n t i t i e s  o f  DMA. T h e r e ­
f o r e ,  a n o t h e r  f l u o r o g e n i c  r e a g e n t  was s o u g h t .  NBD-C1, 7 - c h l o r o - 4 -  
n i t r o b e n z o - 2 - o x a - l , 3 - d i a z o l e ,  f i r s t  used by Ghosh and Whitehouse  (153)  
i n  f l u o r e s c e n c e  l a b e l i n g  o f  amino a c i d s ,  was s e l e c t e d .  Lawrence and 
F r e i  (154)  r e p o r t e d  t h e  s u c c e s s f u l  a p p l i c a t i o n  o f  t h i s  r e a g e n t  f o r  t h e  
d e t e r m i n a t i o n  o f  m e thy lam ine  and d i m e th y la m in e  d e c o m p o s i t i o n  p r o d u c t s  
o f  c a r b a m a t e  p e s t i c i d e s .  The i n t e n s e  f l u o r e s c e n c e  o f  t h e  NBD-
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d e r i v a t i v e s  p e r m i t t e d  t h e  d e t e c t i o n  o f  1 ng o r  l e s s  o f  DMA and m e t h y l -  
a m ine .  F a g e r  e t  a^L. (155 )  s e p a r a t e d  amino acid-NBD d e r i v a t i v e s  and 
found  t h e  s e n s i t i v i t y  o f  d e t e c t i o n  t o  v a r y  f o r  d i f f e r e n t  amino a c i d s .  
The l o w e s t  s e n s i t i v i t y  was r e p o r t e d  f o r  g l u t a m i c  and  a s p a r a t i c  a c i d  
d e r i v a t i v e s  (2 n m o l e s ) .  P r o l i n e  and h y d r o x y p r o l i n e  d e r i v a t i v e s  were 
d e t e c t e d  a t  t h e  h i g h e s t  s e n s i t i v i t y  o f  0 .0 2  nmoles  w h i l e  t h e  o t h e r  
amino a c i d  d e r i v a t i v e s  were d e t e c t e d  a t  s e n s i t i v i t i e s  be tween  t h e s e  
l i m i t s .
The method em ploy ing  NBD-C1 and t h e  s e p a r a t i o n  o f  t h e  s e c o n d ­
a r y  amine  d e r i v a t i v e s  was d e v e lo p e d  i n  t h i s  l a b o r a t o r y  a s  d e s c r i b e d  in  
t h e  M a t e r i a l s  and Methods s e c t i o n .  In  o r d e r  t o  maximize t h e  f l u o r e s ­
c e n c e  y i e l d ,  s e v e r a l  p a r a m e t e r s  were c h e c k e d .  The f l u o r e s c e n c e  y i e l d  
was n o t  g r e a t l y  a f f e c t e d  be tw een  t h e  pH r a n g e  o f  9-11 ( T a b le  9 ) .
In  a c i d i c  s o l u t i o n s  o f  0.4N PCA o r  0 . ]  NHC1 t h e  r e a c t i o n  d i d  n o t  t a k e  
p l a c e  a s  was e v i d e n t  f rom t h e  a b s e n c e  o f  f l u o r e s c e n t  p r o d u c t s .  The 
p r o c e d u r e  o f  Lawrence and F r e i  ( l 5 4 )  u t i l i z e d  a t e m p e r a t u r e  o f  80°C 
f o r  t h e  d e r i v a t i z a t i o n  r e a c t i o n .  S i n c e  s e v e r a l  o f  t h e  f r e e  s e c o n d a r y  
amines  have  v e ry  low b o i l i n g  p o i n t s ,  a s t u d y  was done on t h e  e f f e c t  
o f  t h e  volume o f  MIBK and t h e  c o n c e n t r a t i o n  o f  t h e  r e a g e n t  used  
( T a b l e  1 0 ) .  S ix  mg o f  t h e  r e a g e n t  i n  1 . 0  ml o f  r e d i s t i l l e d  MIBK was 
s e l e c t e d  and t o  p r e v e n t  any  c o n t a m i n a n t s  f rom b e in g  c a r r i e d  o v e r  from 
t h e  a que ous  f r a c t i o n ,  t h e  r e a c t i o n  m i x t u r e  was f r o z e n  p r i o r  t o  r em ova l  
o f  t h e  o r g a n i c  l a y e r  c o n t a i n i n g  t h e  NBD-amino d e r i v a t i v e s .  The e x c e s s  
r e a g e n t  d i d  n o t  i n t e r f e r e  b e c a u s e  u n r e a c t e d  NBD-C1 i s  no t  f l u o r e s c e n t .  
F i g u r e s  3 and 4 i l l u s t r a t e  t h e  l i n e a r  s t a n d a r d  c u r v e s  o b t a i n e d  w i t h  
t h e  N B D - d e r i v a t i v e s  o f  t h e  s e c o n d a r y  a m i n e s .  The work ing  c o n c e n t r a ­
t i o n  r an g e  was 0 . 1 - 0 . 8  nmoles  o f  s e c o n d a r y  a m ines  d e r i v a t i v e s  a l t h o u g h
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TABLE 9 .  E f f e c t  o f  pH on t h e  D e r i v a t i z a t i o n  o f  Amines w i t h  NBD-C1
A l i q u o t s  o f  a n  amine s t a n d a r d  s o l u t i o n  c o n t a i n i n g  DMA, PYR, and PIP in  
0 . 1  N HG1 were  l y o p h i l i z e d  t o  d r y n e s s .  1 . 0  ml o f  a n  a que ous  a l k a l i n e  
s o l u t i o n  was added  t o  a c h i e v e  v a r i a b l e  pH f o l l o w e d  by 1 . 0  ml o f  MIBK 
c o n t a i n i n g  6 mg o f  NBD-C1.
Peak  H e i g h t s  i n  mm.
*pH__________________ DMA______________________PYR__________________PIP
8 .1
00 85 108 , 105 54 , 51
9 . 1 1 2 1 , 117 159 , 152 63 , 61
9 .7 153 , 148 193 , 189 6 8 , 67
10 .2 1 6 6 , 155 2 0 2 , 191 70 , 63
1 1 .1 160 , 152 2 1 0 , 201
*• ■
67 , 63
* R a t i o s  o f  1 . 0  M NaHCOg and  2 . 0  M Na2C0g were used  t o  o b t a i n  t h e  pH 
v a l u e s .  pH o f  1 . 0  M NaHC03 was 8 . 1  w h i l e  2 . 0  M Na2C0g was 1 1 . 1 .
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TABLE 10 .  E f f e c t  o f  Volume o f  MIBK and t h e  Amount o f  NBD-C1 on t h e  
F l u o r e s c e n c e  Y i e l d  o f  S e c o n d a ry  Amine D e r i v a t i v e s .
To 1 . 0  ml o f  1 x 10"^  M amine s t a n d a r d  s o l u t i o n  c o n t a i n i n g  f o u r  a m i n e s ,  
v a r y i n g  amounts  o f  NBD-C1 and  MIBK were added and  s o l u t i o n  was i n c u ­
b a t e d  f o r  1 h r .  a t  80°C.  The MIBK l a y e r  was removed e i t h e r  a f t e r  
f r e e z i n g  o f  t h e  a que ous  l a y e r  o r  w i t h o u t  f r e e z i n g .  A l i q u o t s  were 
s p o t t e d  and peak  h e i g h t s  r e p o r t e d .
NBD-C1 MIBK F/NF* DMA DBA PYR PIP
mg ml Peak H e i g h t in  mm
3 0 . 5 F 72 197 88 32
6 0 .5 F 71 196 89 29
12 0 . 5 F 96 160 124 38
1 . 5 1 .0 F 74 192 94 32
3 1 .0 F 94 220 120 39
6 1 .0 F 103 191 136 39
12 1 .0 F 101 166 133 36
3 1 .0 NF 74 182 95 29
12 1 .0 NF 101 158 128 36
**12 1 .0 F 0 4 13 0
(F)  Aqueous l a y e r  f r o z e n ;  (NF) Aqueous l a y e r  n o t  f r o z e n .
** Reagen t  b l a n k  (no n i t r o s a m i n e s  and  no am ine s )
F i g u r e  3 .  L i n e a r i t y  o f  F l u o r e s c e n c e  w i t h  C o n c e n t r a t i o n  
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F i g u r e  4 .  L i n e a r i t y  o f  F l u o r e s c e n c e  w i t h  C o n c e n t r a t i o n  o f  
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l i n e a r i t y  e x t e n d e d  f o r  a n  o r d e r  o f  m ag n i tu d e  g r e a t e r .  The lo w e r  
l i m i t  o f  s e n s i t i v i t y  was 1 -2  ng o f  t h e  N B D - d e r i v a t i v e  o f  DMA. T h i s  
a g r e e s  w e l l  w i t h  t h e  s e n s i t i v i t y  r e p o r t e d  by Lawrence and F r e i  (154)  
f o r  t h e  same d e r i v a t i v e .  T h i s  amount  o f  DMA i s  e q u i v a l e n t  t o  3 . 5  ng 
o f  DMN and a l l o w s  t h e  d e t e c t i o n  o f  5 -10  ppb o f  DMN in  a food  sa m p le .  
The l o w e s t  s e n s i t i v i t y  was e x p e r i e n c e d  in  t h e  d e t e c t i o n  o f  p y r r o l i d i n e  
due t o  a c o n t a m i n a n t  i n  t h e  r e a c t i o n  m i x t u r e  which m i g r a t e s  a t  t h e  
same r a t e  a s  t h e  p y r r o l i d i n e  d e r i v a t i v e .  R e c e n t l y ,  t h i s  background  
c o n t a m i n a t i o n  was a l m o s t  t o t a l l y  e l i m i n a t e d  by c a r r y i n g  o u t  t h e  
r e a c t i o n  a t  a l o w e r  t e m p e r a t u r e  (5 5 ° C ) .  In  o r d e r  t o  o b t a i n  l i n e a r  
s t a n d a r d  c u r v e s  a t  t h i s  t e m p e r a t u r e  f r e q u e n t  s h a k i n g  o f  t h e  r e a c t i o n  
m i x t u r e  was e s s e n t i a l .
The TLC p r o c e d u r e  i s  d e s c r i b e d  i n  t h e  M a t e r i a l s  and Methods 
s e c t i o n .  By t h i s  p r o c e d u r e  t h e  NBD-amino d e r i v a t i v e s  d e r i v e d  from s i x  
n i t r o s a m i n e s  a r e  w e l l  r e s o l v e d .  F i g u r e  5 i s  a t y p i c a l  f l u o r e s c e n c e  
s c a n  i l l u s t r a t i n g  s e p a r a t i o n  o f  t h e  s i x  NBD-amino compounds a c h i e v e d  
by t h i s  m ethod .  The N B D - d e r i v a t i v e  o f  m o r p h o l in e  c o - c h r o m a t o g r a p h s  
w i t h  DMA b u t  a s o l v e n t  s y s te m  c o n s i s t i n g  o f  c h l o r o f o r m  and t e t r a h y d r o -  
f u r a n  ( 9 8 : 2  v / v )  s e p a r a t e s  t h e s e  two compounds. The R f  v a l u e s  f o r  
DMA and m o r p h o l in e  a r e  0 . 5 4  and  0 .3 3  r e s p e c t i v e l y  i n  t h i s  s o l v e n t .  
While  t h i s  work was i n  p r o g r e s s  a p r o c e d u r e  was p u b l i s h e d  u s i n g  
NBD-C1 f o r  t h e  d e t e c t i o n  o f  s e c o n d a r y  am ines  and t h e i r  s e p a r a t i o n  
by TLC ( 1 5 6 ) .  The s e n s i t i v i t y  o f  t h e  method a l l o w e d  t h e  d e t e c t i o n  
o f  15 ng o f  DMA a s  t h e  l o w e r  l i m i t .
The r e p r o d u c i b i l i t y  and  q u a n t i t a t i o n  o f  t h e  a c i d  d e n i t r o ­
s a t i o n  t e c h n i q u e  was improved  i n  o u r  s y s te m  a s  a r e s u l t  o f  d e n i t r o -  
s a t i n g  i n  a medium o f  m e t h y le n e  c h l o r i d e .  The r e s u l t s  i l l u s t r a t i n g
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F i g u r e  5 .  C h r o m a to g r a p h ic  S e p a r a t i o n  by TLC o f  a S t a n d a r d  
M ix t u r e  o f  NBD-Amino D e r i v a t i v e s .
The d e r i v a t i z a t i o n  and c h ro m to g ra p h y  o f  t h i s  m i x t u r e  was 
done a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  i n  t h e  M a t e r i a l s  and 
Methods s e c t i o n .  Each peak  r e p r e s e n t s  0 . 3  nmoles  o f  t h e  s e c o n d a r y  
amine d e r i v a t i v e .
oo








t h e  r e c o v e r y  o f  f l u o r e s c e n t  NBD-amino d e r i v a t i v e s  a r e  shown in  
T a b le  11 .
S e a food  Survey
S e v e r a l  l a b o r a t o r i e s  have i d e n t i f i e d  d i m e t h y l n i t r o s a m i n e  in  
p r o c e s s e d  s e a f o o d  o r  s e a f o o d  p r o d u c t s .  F o r  exam ple ,  t h e  i n i t i a l  
r e p o r t s  o f  a n i t r o s a m i n e - i n d u c e d  h e p a t o t o x i c i t y  i n  s h e e p  and c a t t l e  
were t r a c e d  t o  t h e  f e e d i n g  o f  a n i t r i t e - p r o c e s s e d  h e r r i n g  meal  ( 1 0 ,  
1 1 ,  1 2 ) .  Sen and c o - w o r k e r s  (47 )  r e p o r t e d  t h e  p o s s i b l e  p r e s e n c e  o f  
DMN in  f r o z e n  and p i c k l e d  h e r r i n g  a l t h o u g h  no q u a n t i t a t i o n  was r e ­
p o r t e d .  These  i n v e s t i g a t o r s  a l s o  d e t e c t e d  n i t r o s a m i n e s  i n  v a r i o u s  
f i s h  p r o d u c t s  cooked w i t h  sodium n i t r i t e  b u t  n i t r o s a m i n e s  were n o t  
d e t e c t e d  i n  s am p les  cooked  i n  t h e  a b s e n c e  o f  n i t r i t e  ( 5 4 ) .  More 
r e c e n t l y  Sen e t  a l .  (157)  r e p o r t e d  and c o n f i r m e d  by mass s p e c t r o m e t r y  
t h e  p r e s e n c e  o f  120-450  ppb o f  DMN i n  f i s h  m ea l .  T h i s  s t u d y  was 
u n d e r t a k e n  a s  a r e s u l t  o f  a r e p o r t  i n d i c a t i n g  a l a r g e  number o f  mink 
d e a t h s  t r a c e d  t o  t h e  f e e d i n g  o f  a d r i e d  f i s h  m ea l .  A l th o u g h  t h e  
p r o c e s s i n g  o f  t h i s  f i s h  meal  d i d  n o t  i n c l u d e  t h e  a d d i t i o n  o f  n i t r i t e  
o r  n i t r a t e  a s  a p r e s e r v a t i v e ,  a c c o r d i n g  t o  t h e  m a n u f a c t u r e r ,  n i t r a t e  
was d e t e c t e d  i n  some s a m p le s  ( 13 -22  ppm) w h i l e  no n i t r i t e  was found .  
Samples  o f  t h e  mink f e e d  c o n t a i n e d  DMN; one sample had 400 ppb w h i l e  
t h e  o t h e r  had 180 ppb and o n l y  one o u t  o f  s e v e n  sam ples  o f  t h e  
p r o c e s s e d  f i s h  meal  d i d  n o t  c o n t a i n  DMN. Koppang (158)  has  shown 
t h a t  mink a r e  v e ry  s u s c e p t i b l e  t o  t h e  e f f e c t s  o f  d i m e t h y l n i t r o s a m i n e  
and p r o lo n g e d  f e e d i n g  o f  0 . 0 5  mg o f  DMN/kg w i l l  p ro d u ce  l i v e r  t u m o r s .
Howard e t  a l .  (48 )  o f  t h e  FDA l a b o r a t o r i e s  r e p o r t e d  t r a c e  
amounts  o f  DMN i n  n i t r i t e - t r e a t e d  smoked c hub .  The GLC method t h e y
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TABLE 11 .  Ac id  D e n i t r o s a t i o n  o f  N i t r o s a m i n e s  i n  M e thy lene  C h l o r i d e  
and  D e r i v a t i z a t i o n  o f  t h e  Amine P r o d u c t  w i t h  NBD-C1
- 41 . 0  ml o f  sample  c o n t a i n i n g  0 . 2 5  -  1 . 0  x 10 m moles  o f  a
n i t r o s a m i n e  i n  m e th y le n e  c h l o r i d e  was p l a c e d  i n  a Evapo-Mix 
t u b e  f o l l o w e d  by t h e  a d d i t i o n  o f  0 . 1  ml o f  30% HBr i n  G a c e t i c  
a c i d .  T h i s  m i x t u r e  was a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  
f o r  30 m i n u t e s .  The r e a c t i o n  was s to p p e d  by t h e  a d d i t i o n  o f
1 . 0  ml o f  0 . 1  N HC1 and t h e  sam ple  was p r e p a r e d  f o r  a n a l y s i s  
a s  d e s c r i b e d  i n  t h e  M a t e r i a l  and Methods s e c t i o n .
Compound D e n i t r o s a t i o n  (%)
Exp.  A Exp. B Exp.
DMN 100 100 102
DEN 95 98 90
DPN 98 96 93
DBN 104 105 109
NPYR 95 97 95
NPIP 105 92 91
NM0RPH 100 95
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employed c o u l d  d e t e c t  n i t r o s a m i n e s  i n  t h e  1 -5  ppb r a n g e .  T h i s  g ro u p  
l a t e r  p u b l i s h e d  a s u r v e y  e n c om pa ss ing  s e v e r a l  s p e c i e s  o f  f i s h  and DMN 
was found  in  raw s a b l e  a s  w e l l  a s  i n  smoked and smoked n i t r a t e - t r e a t e d  
sam p les  ( 5 3 ) .  No DMN was found i n  raw s a m p le s  o f  shad o r  sa lmon  but  
i n  smoked n i t r a t e - t r e a t e d  sa lmon and shad  l e v e l s  o f  10-17 ppb were 
r e p o r t e d .  These  w orke rs  a l s o  s t a t e d  t h a t  t h e  s k i n s  were removed p r i o r  
t o  a n a l y s i s  which may have  r e d u c e d  t h e  r e c o v e r y  o f  n i t r o s a m i n e s  formed 
d u r i n g  t h e  smoking p r o c e s s .
Fong and Chan (86 )  found DMN in  a l m o s t  e v e r y  sample  o f  s a l t  
f i s h  p u r c h a s e d  from t h e  l o c a l  m a r k e t s  i n  Hong Kong. White h e r r i n g ,  
y e l l o w  c r o a k e r ,  a n c h o v i e s  and c r o a k e r  c o n t a i n e d  10 -300  ppb DMN and 
one s p o i l e d  sample  was found t o  c o n t a i n  1000 ppb o f  DMN. The p r e s e n c e  
o f  DMN i n  many o f  t h e s e  s a m p le s  was c o n f i r m e d  by GLC-mass s p e c t r o m e t r y .  
These  w o r k e r s  a l s o  d i d  n i t r i t e  and n i t r a t e  d e t e r m i n a t i o n s  on t h e  
sa m p le s  f i n d i n g  0 -4  ppm o f  n i t r i t e  and 6 -40  ppm o f  n i t r a t e .  They 
f u r t h e r  s t u d i e d  t h e  c r u d e  s a l t  m i x t u r e  used  in  c u r i n g  and found 17-40 
ppm o f  n i t r a t e  and n o t  more t h a n  1 ppm o f  n i t r i t e .  N i t r a t e  r e d u c i n g  
b a c t e r i a  were a l s o  found  i n  t h e s e  f i s h  s a m p l e s .  In  a n o t h e r  r e p o r t  
(159)  t h e s e  i n v e s t i g a t o r s  showed t h a t  t h e  p r o d u c t i o n  o f  DMN d i d  n o t  
i n c r e a s e  i n  a s t e r i l i z e d  sample  w hereas  an i n o c u l a t e d  b r o t h  sample 
w i t h  10^ p e r  ml o f  S t a p h y l o c o c c u s  a u r e u s  and a n o n - i n o c u l a t e d  sample 
a c c u m u la t e d  500 ppb and 400 ppb r e s p e c t i v e l y  a f t e r  5 d a y s .
A l th o u g h  many f i s h  p r o d u c t s  have been  examined f o r  n i t r o ­
s a m i n e s ,  v e ry  l i t t l e  w ork ,  i f  a n y ,  h a s  been  done on s h e l l f i s h ,  f r e s h  
o r  p r o c e s s e d .  T h e r e f o r e  t h e  r e s e a r c h  e f f o r t  was c o n c e n t r a t e d  i n  t h i s  
a r e a .  The i n d i r e c t  method o f  d e t e r m i n a t i o n  o f  n i t r o s a m i n e s ,  i . e . ,  
a c i d  d e n i t r o s a t i o n ,  f o l l o w e d  by N B D - d e r i v a t i z a t i o n  o f  t h e  r e c o v e r e d
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amine s a l t s ,  was a d a p t e d  t o  s e a f o o d  e x t r a c t s .
Most p r e v i o u s  m ethods  o f  d e t e c t i o n  f o r  n i t r o s a m i n e s  have  been 
found  t o  be n o n - s p e c i f i c  f o r  n i t r o s a m i n e s  a n d ,  even  a f t e r  e x t e n s i v e  
p u r i f i c a t i o n ,  i n t e r f e r e n c e  from c o n t a m i n a n t s  c a n n o t  be a v o i d e d .  F a l s e  
p o s i t i v e  r e s u l t s  have  been  r e p o r t e d ,  e . g . ,  i n  t h e  a p p l i c a t i o n  o f  
p o l a r o g r a p h y  t o  t h e  a n a l y s i s  o f  n i t r o s a m i n e  ( 1 6 0 ) .  Even th o u g h  
t h e  n i t r o s a m i n e s  have  a s p e c i f i c  h a l f - w a v e  p o t e n t i a l ,  v a r i o u s  a l d e ­
hydes  a l s o  e x h i b i t  a s i m i l a r  h a l f - w a v e  p o t e n t i a l .  A n o th e r  commonly 
used  d e t e c t i o n  method i s  t h a t  o f  GLC. GLC p r o c e d u r e s  which have  been  
d e v e lo p e d  a r e  n o t  s p e c i f i c  f o r  t h e  s e p a r a t i o n  and d e t e c t i o n  o f  n i t r o ­
s a m in e s  and e ven  w i t h  t h e  i n c o r p o r a t i o n  o f  m u l t i p l e  c o lu m n s ,  f a l s e  
p o s i t i v e  peaks  o c c u r  f r e q u e n t l y .  S p e c i a l  d e t e c t o r s  f o r  t h e  GLC- 
s y s te m  have been  d e v e lo p e d  which p r o v i d e  s e l e c t i v i t y  f o r  n i t r o g e n -  
c o n t a i n i n g  compounds.  The a l k a l i  f l a m e  i o n i z a t i o n  d e t e c t o r  (AFID),  
by d i s c h a r g i n g  a l k a l i  m e t a l  i o n s ,  i . e . ,  p o t a s s i u m  o r  r u b i d i u m ,  i n t o  
t h e  f lam e  i s  a b l e  t o  enhance  t h e  r e s p o n s e  t o  n i t r o g e n - c o n t a i n i n g  
compounds.  T h i s  enhancem ent  f a c t o r  f o r  n i t r o g e n  c o n t a i n i n g  compounds 
can  be 1 0 ,0 0 0  t i m e s  t h a t  f o r  h y d r o c a r b o n s .  The o t h e r  d e t e c t o r  o f t e n  
used  f o r  t h e  a n a l y s i s  o f  compounds c o n t a i n i n g  n i t r o g e n  a toms i s  t h e  
C ou l s o n  e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r  (CECD). Us ing t h i s  de­
t e c t o r  t h e  GLC column e f f l u e n t  i s  d i v e r t e d ,  mixed w i t h  h y d r o g e n ,  
p a s s e d  t h r o u g h  a f u r n a c e  c o n t a i n i n g  a n i c k e l  c a t a l y s t  whereby  a l l  
n i t r o g e n  i s  r e d u c e d  t o  ammonia.  Ammonia i s  t h e n  d i s s o l v e d  i n  d e i o n ­
i z e d  w a t e r  a n d ,  a s  t h e  s o l u t i o n  i s  p a s s e d  t h r o u g h  a m i c r o - c e l l ,  t h e  
c o n d u c t i v i t y  i s  m o n i t o r e d .  However ,  i n t e r f e r e n c e  from c o n t a m i n a n t s  
i s  n o t  c o m p l e t e l y  p r e v e n t e d  w i t h  e i t h e r  o f  t h e s e  d e t e c t o r s .  T h e r e f o r e ,
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t h e  GLC method h a s  been  c o u p le d  t o  a mass  s p e c t r o m e t e r  which e n a b l e s  
t h e  i n s p e c t i o n  o f  ea ch  peak o f  a s p e c i f i c  r e t e n t i o n  t im e  t o  be f u r t h e r  
exam ined .  T h i s  s y s t e m  a p p e a r s  t o  be t h e  most  r e l i a b l e  and s p e c i f i c  
p r e s e n t l y  i n  u s e .  The s y s t e m ,  h o w e v e r ,  i s  v e r y  c om plex ,  d e l i c a t e  and 
e x p e n s i v e .  Due t o  t h e  p r o b a b i l i t y  o f  t h e  o c c u r r e n c e  o f  n i t r o s a m i n e s  
i n  s m a l l  q u a n t i t i e s ,  g e n e r a t e d  e i t h e r  n a t u r a l l y  o r  t h r o u g h  p r o c e s s i n g  
o f  f o o d s ,  a l t e r n a t e  methods w i t h  h i g h  s e n s i t i v i t y ,  r e l i a b i l i t y ,  l e s s  
complex i n s t r u m e n t a t i o n  and r e d u c e d  work-up  t i m e  would be b e n e f i c i a l  
i n  t h e  s u r v e y  o f  t h e  e n v i r o n m e n t  f o r  t h e s e  p o t e n t  c a r c i n o g e n s .
The method d e s c r i b e d  i n  t h i s  t h e s i s  employs t h e  a c i d  c l e a v a g e  
f i r s t  r e p o r t e d  by E i s e n b r a n d  (28 )  on p u r e  c h e m i c a l  s am p les  and a s  
m o d i f i e d  a l l o w s  s p e c i f i c  and s e n s i t i v e  d e t e c t i o n  o f  v o l a t i l e  n i t r o ­
s a m i n e s .  We have  a p p l i e d  t h i s  method t o  b i o l o g i c a l  e x t r a c t s .  The 
d e t e c t i o n  i n s t r u m e n t s  a r e  l e s s  complex and much l e s s  e x p e n s i v e  t h a n  
t h e  GLC-mass s p e c t r o m e t e r  s y s t e m .  The work up t im e  p e r  sample  i s  
s t i l l  e x t e n s i v e ,  r e q u i r i n g  a f u l l  day .
One a d v a n t a g e  o f  t h i s  i n d i r e c t  d e t e c t i o n  s y s te m  i s  t h a t  each  
sample  i s  d i v i d e d  i n t o  two f r a c t i o n s  p r i o r  t o  d e n i t r o s a t i o n ;  o n e - h a l f  
o f  t h e  sample  a c t s  a s  a c o n t r o l  o r  backg round  i n d i c a t o r  and i s  n o t  
a c i d - c l e a v e d  bu t  i s  r e a c t e d  w i t h  t h e  f l u o r o g e n i c  r e a g e n t .  T h e r e f o r e ,  
any  amine ba c kground  w i l l  be d e t e c t e d  i n  t h i s  f r a c t i o n  and can  be 
s u b t r a c t e d  from t h e  o t h e r  f r a c t i o n  which i s  d e n i t r o s a t e d .
T h i s  p r o c e d u r e  does  no t  c o m p l e t e l y  e l i m i n a t e  t h e  p o s s i b i l i t y  
o f  t h e  g e n e r a t i o n  o f  amine compounds from c o n t a m i n a n t s  a s  a r e s u l t  
o f  t h e  H B r - d e n i t r o s a t i o n  p r o c e s s .  J o h n s o n  and W a l t e r s  (161 )  and 
E i s e n b r a n d  ( 5 8 )  have  found  no s e r i o u s  g e n e r a t i o n  o f  n i t r i t e  from 
o t h e r  o r g a n i c  compounds c o n t a i n i n g  a  n i t r o  o r  n i t r o s o - g r o u p  a s  a
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r e s u l t  o f  t h e  HBr t r e a t m e n t .  However ,  i n s t e a d  o f  t r y i n g  t o  g e n e r a t e  
amines  from numerous c h e m i c a l  compounds random ly  s e l e c t e d  from t h e  
s h e l f ,  I  a p p l i e d  t h i s  method t o  numerous f r e s h  s h e l l f i s h  e x t r a c t s .  
A l th o u g h  some o f  t h e  e x t r a c t i o n  methods  have  been m o d i f i e d  o r  changed  
d u r i n g  t h i s  work no t r e n d  c a n  be s e e n  i n  t h e  p r o d u c t i o n  o f  am ines  i n  
t h e  d e n i t r o s a t e d  f r a c t i o n  compared t o  t h e  " u n s p l i t "  f r a c t i o n .  Approx­
i m a t e l y  20 -40  f r e s h  sam p les  o f  m u s s e l s  and  c lams  have  been t e s t e d  
w i t h o u t  d e t e c t i o n  o f  n i t r o s a m i n e s .
An e x p e r i m e n t  was done t o  c h e c k  f o r  a r t e f a c t u a l  p r o d u c t i o n  o f  
DMN a s  a r e s u l t  o f  s t e a m  d i s t i l l a t i o n  in  t h e  p r e s e n c e  o f  n i t r i t e  and 
s e c o n d a r y  amines  a s  m en t io n e d  by Sen ejt a l .  ( 5 4 ) .  I n  t h i s  e x p e r i m e n t  
a c lam f i l t r a t e  was s t e a m  d i s t i l l e d .  A f t e r  c o o l i n g  t o  room t e m p e r a ­
t u r e ,  250 ppm o f  DMA and TMA were added  f o l l o w e d  by t h e  a d d i t i o n  o f  
200 ppm o f  NaN02. The s y s te m  was c l o s e d  and t h e  sample  was s t e a m  
d i s t i l l e d  a second  t i m e .  No i n c r e a s e  i n  t h e  DMA a r e a  c o u ld  be s e e n  
a f t e r  work up and d e n i t r o s a t i o n  had been  p e r f o r m e d .
V a r i o u s  e x t r a c t i o n  p r o c e d u r e s  have  been  t r i e d ,  i . e . ,  m e th -  
anol ic-KOH d i g e s t i o n  and p u r i f i c a t i o n  s t e p s  employed by Howard e t  a_l. 
( 4 8 ) .  The p r e s e n t  method a s  d e s c r i b e d  in  t h e  M a t e r i a l s  and Methods 
h a s  p r o v i d e d  t h e  b e s t  r e c o v e r i e s  o f  n i t r o s a m i n e s  and a d a p t i b i l i t y  t o  
t h e  s e a f o o d  p r o d u c t s  exam ined .  T a b l e  12 shows t h e  r e c o v e r i e s  a t  d i f f ­
e r e n t  s t a g e s  o f  p u r i f i c a t i o n .  D e a c t i v a t e d  a lu m in a  was found t o  be 
s u p e r i o r  t o  s i l i c a  g e l  f o r  t h e  r em ova l  o f  c o n t a m i n a n t s  and s e v e r a l  
o r g a n i c  s o l v e n t s  have been compared i n  t h e  w ash ing  o f  t h e  a lu m in a  
co lumn.  No d i f f e r e n c e  c o u ld  be d e t e c t e d  i n  t h e  r e c o v e r y  o f  n i t r o s a ­
mines o r  t h e  r emova l  o f  added am ines  t o  t h e  column when e i t h e r  
n - h e x a n e  o r  mixed h exanes  were u s e d  a s  a wash.
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TABLE 12 .  R e c o v e r i e s  o f  V o l a t i l e  N i t r o s a m i n e s  a t  V a r i o u s  S t a g e s
o f  t h e  P r o c e d u r e
P r o c e d u r a l  S t e p s Compound and P e r c e n t  Recovered
STM d i s t i l l a t i o n ,  HC1 p a r t i ­
t i o n  and  K u d e r n a -D a n i s h  c o n c . DEN ( 6 0 ) ,  DBN ( 6 0 - 8 0 )
B a s i c  l i q u i d - l i q u i d  e x t r a c t i o n  
and c o n c e n t r a t i o n NPIP (55 )
Acid l i q u i d - l i q u i d  e x t r a c t i o n  
and c o n c e n t r a t i o n
NPIP ( 5 5 ) ,  DMN (57 )  
NPYR ( 4 0 ) ,  DBN (61 )
S i l i c a  g e l  column and c o n c e n t r a t i o n NPYR ( 7 0 ) ,  NPIP ( 9 0 ) ,  
DBN (96)
*STM d i s t i l l a t i o n DEN (85)
*Alumina column DEN ( 9 4 -9 5 )
* D e te rm ine d  by s p e c t r o p h o t o m e t r i c  a n a l y s i s  a t  230 nm.
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Data on r e c o v e r y  o f  n i t r o s a m i n e s  from f r e s h  o r  f r o z e n  c lams  
a r e  g i v e n  i n  T a b le  13 .  These  r e c o v e r i e s  a r e  c o m p a rab le  t o  t h o s e  
r e p o r t e d  by o t h e r  l a b o r a t o r i e s .  R e c o v e r i e s  o f  n i t r o s o p y r r o l i d i n e  
were c o n s i s t e n t l y  l o w e r  t h a n  t h e  r e c o v e r i e s  o f  o t h e r  N - n i t r o s a m i n e s .  
T h i s  was found  t o  be a r e s u l t  o f  l o s s e s  a t  t h e  s t e a m  d i s t i l l a t i o n  s t e p .  
T h i s  l o s s  i s  b e l i e v e d  t o  be due t o  d e g r a d a t i o n  o f  t h e  compound a l t h o u g h  
t h e  breakdown p r o d u c t s  have  n o t  been i d e n t i f i e d .  D i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e  a t  a l o w e r  t e m p e r a t u r e  m igh t  improve t h e  r e c o v e r y  o f  
t h i s  compound a s  i n d i c a t e d  by t h e  r e s u l t s  o b t a i n e d  by T e l l i n g  e t  a l .  
( 1 6 2 ) .  N i t r o s o m o r p h o l i n e  was n o t  t e s t e d  f o r  r e c o v e r y  and  o n l y  d e n i t r o ­
s a t i o n  d a t a  h a s  been  a c c u m u la t e d  f o r  t h i s  compound.
Su rve y  o f  Sea food  f o r  N i t r o s a m i n e s
P r o c e s s e d  s e a f o o d  p r o d u c t s  were p u r c h a s e d  from l o c a l  g r o c e r y  
s t o r e s  and  c o n s e q u e n t l y  t h e  o r i g i n a t i n g  a r e a  o f  t h e  s e a f o o d  and t h e  
p r o c e d u r e  o f  p r o c e s s i n g  a r e  unknown. The b ran d  name w i l l  n o t  be i d e n ­
t i f i e d  due t o  t h e  l a c k  o f  c o n f i r m a t i o n  by a n o t h e r  method and t h e  l i m i t ­
ed s u r v e y  o f  e a c h  s e a f o o d  t y p e .  In  T a b le  14 t h e  r e s u l t s  o b t a i n e d  on 
t h e  s e a f o o d  p r o d u c t s  a r e  sum m ar ized .  F i g u r e  6 d i s p l a y s  a s c a n  o f  an 
" u n s p l i t "  o r  " s p l i t "  f r a c t i o n  o f  c lam t h a t  c o n t a i n s  no DMN. To i n s u r e  
t h a t  q u a n t i t a t i v e  d e n i t r o s a t i o n  was t a k i n g  p l a c e  i n  b i o l o g i c a l  sam ples  
an  a l i q u o t  o f  n i t r o s o p i p e r i d i n e  t h a t  s e r v e d  a s  an  i n t e r n a l  s t a n d a r d  was 
added t o  t h e  " s p l i t "  f r a c t i o n  j u s t  p r i o r  t o  t h e  a d d i t i o n  o f  HBr.
T a b le  15 summ arizes  t h e  r e s u l t s  o f  a t im e  s t u d y  p e r fo rm e d  on 
f r o z e n  c l a m s .  A l a r g e  b a t c h  o f  shucked  c lams  were p u r c h a s e d  from a 
l o c a l  s u p p l i e r  and packaged  in  200 g l o t s  which were s t o r e d  in  a 
-20°C f r e e z e r .  At i n t e r v a l s ,  a b a t c h  was w i t h d ra w n ,  thawed and
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TABLE 1 3 .  R e c o v e r i e s  o f  N - N i t ro s a m in e s  from  F r e s h  o r  F ro z e n  C lam s.
The n i t r o s a m i n e  ’’S p i k e "  was added  t o  t h e  f i l t r a t e  a f t e r  h o m o g en a t io n .
Sample DMN DEN DPN DBN NPIP NPYR
1 ( F r e s h )
2 ( F r e s h )
3 ( F r e s h )
4 ( F ro z e n )
5 ( F ro z e n )
6 ( F r e s h )
7 ( F r e s h )
8 ( F ro z e n )
9 ( F r e s h )
10 ( F r e s h )
11 ( F r e s h )

























TABLE 14 . N i t ro s a m in e  Su rvey  o f  F ro z e n  and P ro c e s s e d  S e a fo o d s
Type o f  Sample DMN
ppb
F r o z e n  s h r i m p  N.D. (3 )
Canned s h r im p  N.D. (1 )
Smoked canned  k i p p e r  f i l l e t s  N.D.  (3 )
1 0 , 1 0 , 6 *
9 3 ,  137
Anchov ie s  c anned  w i t h  and N.D. (4 )
w i t h o u t  c a p e r s  93
Smoked canned  c lams  N.D. (2 )
8 7 ,  140
19
21
F r e s h  o y s t e r s  N.D. (2 )
Smoked, canned  o y s t e r s  N.D. (2 )
9 8 ,  102




Smoked, canned  m u s s e l s  N.D. (2 )
1 5 5 ,  185
N.D. Not d e t e c t e d
( ) Numbers i n  p a r e n t h e s i s  r e p r e s e n t  t h e  number o f  s a m p le s  p r o c e s s e d
* E n t r e e s  w i t h  numbers s e p a r a t e d  by a comma r e p r e s e n t  sam ples
a s s a y e d  s e p a r a t e l y  b u t  o r i g i n a t i n g  from t h e  same b a t c h .
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F i g u r e  6.  T r a c i n g s  from TLC P l a t e  Scans
(A) S t a n d a r d  m i x t u r e  o f  NBD-amino d e r i v a t i v e s  f rom a 
s t a n d a r d  s t o c k  s o l u t i o n .  Each peak  r e p r e s e n t s  0 .2  nmoles  o f  NBD- 
amino d e r i v a t i v e .
(B) U n s p l i t  sample  o f  c lam e x t r a c t  which ha s  been  t a k e n  
t h r o u g h  t h e  e n t i r e  e x t r a c t i o n  and d e r i v a t i z a t i o n  p r o c e d u r e  d e s c r i b e d  
i n  t h e  Methods and M a t e r i a l s  s e c t i o n .
(C) R eagen t  b l a n k  c o n t a i n i n g  1 . 0  ml o f  0 . 1  N HC1 and 
d e r i v a t i z e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  i n  t h e  M a t e r i a l s  




*  A DEA
PIP
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TABLE 1 5 .  E f f e c t  o f  F ro z e n  S to r a g e  on N i t ro s a m in e  P r o d u c t io n .
L e n g th  o f  S t o r a g e DMN R ecove ry  o f  S p ike
Weeks PPb %
0 ( F r e s h ) N.D. DMN (62)
0 ( F r e s h ) N.D. DMN (73)
1 N.D. DEN ( 7 7 ) ,
1 . 5 N.D. NPIP (54)








N.D. None d e t e c t e d .
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a n a l y z e d  f o r  n i t r o s a m i n e s .  The r e s u l t s  i n d i c a t e  t h a t  t h e  f o r m a t i o n  o f  
DMN may o c c u r  i n  t h e  c lams  a f t e r  a p e r i o d  o f  f r o z e n  s t o r a g e .  S t o r a g e  
f o r  e i g h t  weeks and l o n g e r  a p p e a r e d  t o  r e s u l t  i n  DMN f o r m a t i o n  i n  5 o f  
6 s a m p le s  w h e r e a s ,  d u r i n g  t h e  f i r s t  8 weeks no DMN was fo u n d .  The 
mechanism o f  n i t r o s a t i o n  d u r i n g  c o l d  s t o r a g e  o c c u r r e d  i s  unknown 
a l t h o u g h  t h e r e  was most  l i k e l y  an  i n c r e a s e  i n  DMA c o n t e n t .
C o n f i r m a t i o n  o f  t h e  p r e s e n c e  o f  DMN i n  t h e s e  sam p les  ha s  no t  
been  o b t a i n a b l e  by mass s p e c t r o m e t r y .  S e v e r a l  s a m p le s  were s e n t  t o  
l a b o r a t o r i e s  w i t h  GLC-mass s p e c t r o m e t r y  s y s te m s  bu t  ba ckground  con tam ­
i n a n t s  t h a t  i n t e r f e r e d  w i t h  t h e  i n t e r p r e t a t i o n  o f  mass s p e c t r a  p r e ­
c l u d e d  t h e  u n e q u i v o c a l  c o n f i r m a t i o n  o f  DMN.
Dim ethy lam ine  i n  Seafood
Many m ar in e  f i s h ,  i . e . ,  h e r r i n g ,  c od ,  d o g f i s h ,  h a k e ,  s k a t e ,  
h a d d o c k ,  e t c . ,  c o n t a i n  l a r g e  q u a n t i t i e s  o f  t r i m e t h y l a m i n e  ox ide  
(TMAO). Q u a n t i t i e s  o f  TMAO i n  t h e s e  f i s h  r a n g e  from 50-250 mg o f  
n i t r o g e n  p e r  100 g o f  wet w e i g h t  ( 9 4 ) .  I n v e r t e b r a t e s ,  i . e . ,  s c a l l o p ,  
l o b s t e r  and s q u i d  c o n t a i n  s i m i l a r  q u a n t i t i e s  o f  TMAO. But o y s t e r ,  
c lam and m u s s e l  c o n t a i n  l e s s  t h a n  1 mg o f  TMAO n i t r o g e n  p e r  100 g 
o f  wet we i g h t .
S t o r a g e  o f  t h e s e  m a r i n e  f i s h  a c c e l e r a t e s  p r o d u c t i o n  o f  t r i ­
m e thy la m ine  (TMA) and DMA a s  a r e s u l t  o f  b a c t e r i a l  breakdown o f  TMAO. 
The c o n c e n t r a t i o n  o f  TMA and DMA i n c r e a s e s  w i t h  s t o r a g e  t im e  and can  
r e a c h  l e v e l s  o v e r  50 mg/100 g o f  t i s s u e  f o r  e a c h  compound ( 9 4 ) .
G a s t e l l  elt aJ L.  ( 163 )  r e p o r t  t h a t  more DMA t h a n  TMA i s  p roduced  in  
f r o z e n  s t o r a g e  and t h e  r e v e r s e  i s  t r u e  d u r i n g  s t o r a g e  on i c e .  M i l l e r  
e t  a l . (95 )  r e p o r t e d  t h e  o c c u r r e n c e  o f  o v e r  400 ppm o f  DMA in  hake 
f r o z e n  f o r  p r o l o n g e d  p e r i o d s .
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The e x t r a c t i o n  o f  DMA from s e a f o o d  p r o d u c t s  was p e r fo rm e d  a s  
d e s c r i b e d  i n  t h e  M a t e r i a l s  and  Methods s e c t i o n .  The a c i d  e x t r a c t  was 
p l a c e d  i n  t h e  s te a m  d i s t i l l a t i o n  f l a s k ,  KOH was added  and t h e  a l k a l i n e  
s o l u t i o n  was s t e a m - d i s t i l l e d .  The r e c o v e r y  o f  s e c o n d a r y  am ines  from 
s o l u t i o n s  o f  p u r e  compounds and  from a d i l u t e d  clam e x t r a c t  i s  summar­
i z e d  in  T a b l e  16 .
A s u r v e y  o f  t h e  DMA c o n t e n t  o f  s e a f o o d  p r o d u c t s  ( T a b le  17)  was 
p e r f o r m e d  by t h e  p r o c e d u r e  d e s c r i b e d  in  t h e  M a t e r i a l s  and Methods 
s e c t i o n .  No a t t e m p t  was made t o  f o l l o w  t h e  i n c r e a s e  i n  DMA w i t h  t h e  
l e n g t h  o f  s t o r a g e .  However ,  more DMA was p r e s e n t  i n  f r o z e n  c lam s  t h a n  
i n  f r e s h  c l a m s .  The h i g h e s t  c o n c e n t r a t i o n  o f  DMA was found in  canned  
a n c h o v i e s  ( 4 6 -6 4  ppm) and  smoked canned  h e r r i n g  f i l l e t s  (7 0 -2 4 0  ppm). 
A l th o u g h  no d a t a  c o u ld  be found  i n  t h e  l e t e r a t u r e  on t h e  DMA c o n t e n t  
o f  a n c h o v i e s  and h e r r i n g ,  C a s t e l l  e t  a l .  ( 94 )  r e p o r t s  l e v e l s  r e a c h i n g  
a p p r o x i m a t e l y  60 ppm o f  DMA in  f i s h  s t o r e d  on i c e  and 100 ppm o f  DMA 
i n  f r o z e n  f i s h .  No q u a n t i t a t i o n  d a t a  on t h e  DMA c o n t e n t  o f  s h e l l f i s h  
h a s  been  r e p o r t e d  a l t h o u g h  DMA h a s  been d e t e c t e d  i n  t h e s e  s p e c i e s .
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TABLE 16.  Recovery  o f  S e c o n d a ry  Amines A f t e r  Steam D i s t i l l a t i o n
An a l i q u o t  o f  amine s t a n d a r d  s o l u t i o n  c o n t a i n i n g  s e c o n d a r y  
a m in e s  i n  0 . 1  N HC1 was added  t o  65 ml o f  d i s t i l l e d  w a t e r .  
150 ml o f  d i s t i l l a t e  was c o l l e c t e d  and t h e  r e c o v e r i e s  a r e  
shown i n  column A. Column B i l l u s t r a t e s  t h e  r e c o v e r i e s  
f rom a d i l u t e d  p r e v i o u s l y  d i s t i l l e d  c lam e x t r a c t .  The 
d i s t i l l a t e s  f rom b o th  t r i a l s  were t a k e n  t o  d r y n e s s ,  r e ­
d i s s o l v e d  in  a s m a l l  volume and a n  a l i q u o t  was d e r i v a t i z e d  
w i t h  NBD.






TABLE 17.  DMA C o n t e n t  o f  S e a food  P r o d u c t s
Sample DMA
ppm
Clams ( F r e s h ) 4 -  16 *
( F r o z e n ) 27 -  32
(Smoked) 4 - 2 0
M usse l s ( F r e s h ) 22
(Smoked) 16
O y s t e r s ( F r e s h ) 5
(Smoked) 27
H e r r i n g (Smoked) 70 -  240
A nchovies 46 -  64
* The h i g h  and  low  v a l u e s  o f  t h e  r e s u l t s  on s e p a r a t e  s a m p le s  
a r e  i n d i c a t e d  by v a l u e s  s e p a r a t e d  by a hyphen .
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SUMMARY
A method f o r  t h e  d e t e c t i o n  and q u a n t i t a t i o n  o f  n i t r o s a m i n e s  
h a s  been  d e v e l o p e d .  The n i t r o s a m i n e s  a r e  d e n i t r o s a t e d  i n  an  a n h y d ro u s  
medium o f  m e th y le n e  c h l o r i d e  t o  which h y d ro b ro m ic  a c i d  i s  a d d e d .  The 
r e s u l t i n g  amine s a l t s  a r e  r e a c t e d  w i t h  NBD-C1 t o  y i e l d  h i g h l y  f l u o r e s ­
c e n t  d e r i v a t i v e s .  The f l u o r e s c e n t  d e r i v a t i v e s  a r e  s e p a r a t e d  by TLC and 
q u a n t i t a t e d  by d i r e c t  s c a n n i n g  o f  t h e  TLC p l a t e s .  The s e n s i t i v i t y  i s  
o f  t h e  o r d e r  o f  1 - 5  ng o f  f l u o r o g e n i c  compound a l l o w i n g  a d e t e c t i o n  
o f  5 ppb o f  DMN.
The method has  been a p p l i e d  t o  a s u r v e y  o f  f r e s h ,  f r o z e n  and 
p r o c e s s e d  s e a f o o d  f o r  N - n i t r o s a m i n e s .  A l though  many sam p les  showed no 
e v i d e n c e  o f  n i t r o s a m i n e s ,  s e v e r a l  s am p les  c o n t a i n e d  DMN. O t h e r  v o l a ­
t i l e  n i t r o s a m i n e s ,  f o r  which t h i s  method i s  a p p l i c a b l e ,  were a b s e n t .
S e v e r a l  s am p les  o f  p r o c e s s e d  s e a f o o d s  c o n t a i n e d  DMN and i t  i s  
p o s s i b l e  t h a t  t h e  n i t r o s a m i n e  was formed d u r i n g  t h e  p r o c e s s i n g  s t a g e .  
However ,  t h e  p r e s e n c e  o f  DMN i n  f r o z e n  c lam s  and m u s s e l s  i s  d i f f i c u l t  
t o  e x p l a i n  by t h e  c u r r e n t  c o n c e p t  o f  t h e  f o r m a t i o n  o f  n i t r o s a m i n e s  i n  
t h e  p r e s e n c e  o f  s e c o n d a r y  o r  t e r t i a r y  am ines  and n i t r i t e  in  an a c i d  
medium.
S e v e r a l  r e c e n t  r e p o r t s  s u g g e s t  t h a t  n i t r o s a m i n e s  may be formed
u n d e r  o t h e r  c o n d i t i o n s .  Formaldehyde  h a s  been  shown t o  c a t a l y z e  t h e
n i t r o s a t i o n  r e a c t i o n  a t  n e u t r a l  and a l k a l i n e  pH ( 3 9 ) .  The r e l a t i v e
e a s e  o f  f o r m a t i o n  o f  n i t r o s a m i n e s  i n  low m o i s t u r e  s y s t e m s  has  been
d e m o n s t r a t e d  i n  c o l d  t r a p s  used in  t h e  c o l l e c t i o n  o f  smoke c o n d e n s a t e s .  
Thus t h e  f o r m a t i o n  o f  n i t r o s a m i n e s  i n  n a t u r a l  fo o d s  d u r i n g  s t o r a g e  
o r  p r o c e s s i n g  i s  p o s s i b l e  and f u r t h e r  s t u d i e s  a r e  r e q u i r e d .
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